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SECTION 1
CONCLUSIONS

& 1. The module which fulfills the size requirements for

universality is 44'' x 54", However, thia module does
not meet the design objectives of low cost, low weight,
simplicity of design, or ease of field assembly.

2. Future requirements for purchasing 54'' x 88" LOGAIR
modules are small, in the order of 50 pallets per year.

3. There will be practically no requirement for purchasing
A 54" x 88" TAC mobility pallets (fork lift table type) for
o the next ten years,
4, Future requirements for 88" x 108" logistics pallets are
estimated to be at least 800 per year.

5. The future requirement for é.irdrop platform modules is
a variable depending on actual use. This requirement
easily could be thq largest for all medule types.

6. The projected requirements for 54" x 88" modules are
8¢ amall in comparison to the 108" wide modules that

— - -they can be neglected frnm the conaideration of a
universal module. \

T None of the module sizes, or combinations of modules,
offer any advantages over the present module for the
Army's airdrop operations,

8. " The 108" x 44" module is the best size for meeting re-
quirements of the 108" x 88" logistics pallet and the
Army airdrop platform.

9. The 108" x 44" module for Army and Air Force appli-
cation does not offer any advantages over the two systems
in wie taday.

10. The probleme with the proposed universal platform listed
above suggest that a cargo and airdrop platform system
comprising moro than one design and 1 10 o than one aize
should be considered.

Such a saystem should have the following specific objectivas:
a. Minimum cost per trip for cargo platforms,

b. Minimum cost per drop for the airdrop platform.

-l -
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11,

12.

13,

14,

15.

16‘

17,

The most promising mat*~rials for Sandwich Construc-
tion for cargo pallets a- high-strength phenolic resin-
impregnated paper hor' comb fa ced with high-strength
aluminum alloy sheet.

Satisfactory performance in puncture and roller-indent-
ation tests indicates adequate compressive strength of
the paper honeycormb. Calculations show shear strength
may be marginal in specific high-shear areas, but these
areas could easily be reinforced by filling the honeycomb
with foarn.

A potential disadvantage of the impregnated paper honey-
comb appears to be loss of its compressive strength on
water exposure. However, when the panels are properly
borded in manufacture, the honeycomb would be exposed
to water only if the panel is structurally damaged in which
case the panel strength would be questionable regardless
of the condition of the honeycomb.

The water resistance and cmmpressive strength of paper |
honeycomb could be increacc ' markedly by filling the
honeycomb with foamed-in-place low denszty polyure-
thane foam.

The preferred aluminum-facing alloy is 7075-T6
because of its high strength/weight and strength/cost
characteristics. Minimum acceptable skin thickness
will be governed by maximum loading conditions which
are in part dependent on the restraint system.

The non-metallic facing matarials evaluated in the
program will have certain desirable characteristics,
but none of the commercially-~available materials
have strength/weight or strength/cost ratios com-
petitive with 7075-T6 aluminum,

The aluminum-faced balsa sandwich construction that
is row used has many desirable characteristics, but
Arthur D. Little, Inc. limited tests indicate that the
sandwich construction itself may be overdesigned
thereby increasing cost and weight unnecessarily
while some of the attaching parts and methods of
attachment are inadequate and cause high~-failure
rates.
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18.

19.

20,

21.

22|

23,

24,
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The most critical stress condition for the sandwich
structure is the 9 G 3-second forward restraint
requirement. Since the stresses generated in the
panel depend on the interaction of the restraint
system, they are difficult to calculate accurately
and must be determined in tests,

Although the present logistics and air-drop pallets
constructed with balsa core and aluminum faces have
been in use for some time, little or no detailed analysis
or study has been conducted to determine the causes
and modes of failure of the present pallets. Information
of this sort would be extremely valuable in optimizing
design of pallets constructed of new materiale and in
further defining test conditions for pallets. It was
possible to obtain only preliminary information on
pallet failures during the field survey regarding module
size in the first phase of this program.

There will be a continuing need for air-cargo pallets.
A changing state of the art in materials and manufac-
turlng processes may provide improved methods for
fabricating light weight pallets.

The current 463L cargo nets are difficult to apply,
inconvenient to store, susceptible to hardware darnage,
difficult to tension and release,and tangle easily.

Two types of carzo restraiut are required:

a. One type to contain bulk cargo loads.

b. One type capable of single point attachment to
bulky equipment on vehicles for air-drop and air

support operation.

The bulk cargo restraint device described in Section
X eliminates the deficiencies listed in Jtem 2] above.

Dacron webbing is the most preferable material for
the cargo restraint because of its excellent strength/
weaight and light resistance characteristics.
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25,

26,

27,

28.

29'

30.

31,

32,

The selection of webbing size and its orientation
within the overall restraint assembly must te
coordinated with the platform assembly to avoid
imposing excessive loading to the aft edge of the
platiorm.,

The number of cargo restraint assemblies per
loaded platform should be a minimum. Two

‘identical restraints are proposed - one placed

longitudinally to the load; the other, laterally.

The number of peripherical tie-downs per each
side of the platform should be identical. Six are
proposed for each edge of the logistics pallets.

Considerable restraint device weight savings
could be obtaired if the device were designed
for the probable maximum cargo loads of 5000
pounds .

The extration parachute load transfer device
presently being developed by the U.S, Army,
Natick Laborataories is adequate to meet all
load requirements for the forseeable future
and may be adapted to the universal air-drop
platform.,

Initial comparison of the relative transportation
costs and the production costs of the 463L pallets,
assuming an average pallet life and trip distan. ,
indicates that the costs of air transporting the
pallets is several tirnes greater than the cost

of manufacture.

A more easily assembled and disassembled air-
drop platform should be developed which will
have increased reuseability, especially when
usedfor low level air delivery,

The source to user concept of a "building block"
type of pallet assembly has been rejected because
of the 2 1/4" thickness limitation and the great
influence of weight upon transportation costs.

g
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SECTICN 1II
RECOMMENDATIONS

The study effort should be redirected towards a
cost/effectiveness evaluation of the Universal Plat-
form.

A '"value added" analysis of the detailed require-
ments of ASNLM Exhibit 63-6 should be conducted
to assure that pallets camplying with the specifica~
tion will have minimum cost/maximum performance
characteristics.

A cost/effectiveness study should be conducted on
alternate logistics and air-drop platform (with low
level capabilities) systems to achieve:

a. Minimum cost per trip for the logistics
system,
b. Minimum co st per drop for air-drop
operations,

These cost should include the non-reoccurring
development expenses, pla.form procuremant,
transportation, servicing and maintenance, in-
ventory charges and replacement costs.

Two new design specification should be prepared;
one for the logistics pallet, and the other for the
air-drop platform with low level capabilities.

The catagory II test program should be expanded
to evaluate the platforms and restraint devices
under actval random use conditions as well as
more limited laboratory conditions.
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SECTION II
BACKGROUND

The objective of this study effort has been to establish the
basic design criteria of a low cost Universal Platform and
Cargo Restraint device meeting the requirements of ASNLM
Exhibit 63-6. In accordance with the contractural require-
ment, Brooks & Perkins, Inc. accompanied by its sub-
contractor's Arthur D. Little, In¢. and Eastern Rotoreraft
Corporation visited the using commands to review the

U.S. Air Force and U,S, Army current and anticipated
requirements for platform configurations.

Description Of The Air Logistiecs System

While the Air Force has a predominate role in the delivery
of military supplies and equipment by air, compatibility with
other transportation rmodes is very important. The general
air logistical movement of supplies from a point of origin in
the United States to the user in an overseas forward area is
illustrated by Figure 1. This flow diagram shows only Air
Force and Army supplies. Shipments for other military
services and government agencies would follow the same
general pattern.

The exact route of an air shipment from CONUS to an
overseas destination would depend on many factors. The
flow diagram shown contains four segments requiring air-
lift and two segments requiring surface movement. At the
present time the rail or truck transportation segment between
the source and the LOGAIR terminal is principally individual
piece handling, the LOGAIR movement is on 54' x 88" plat-
forms, the MATS and Air Force Theater Airlift is cn 88"

x 108" platforms, the Army airlift and surface distribution

is again individual piece handling. Even with this distribution
system, where cargo unitized at the MATS APOE can move
to the Field Army Rear Area without destroying the integrity
of the unitization form, there are an estimated 15 different
handlings required from the source to the user.

The type of cargo transported and the route structure of

the system is influencad considerably by the conditions
under which it is required to perform. Operating conditions
of the world-wide air logistics system can be classified as
'"normal' or "emergency', depending on the degree of our
military involvement.

?J‘v}%‘ f‘-:
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The "normal" operation of the air logistics system con-
sists of global distribution of military supplies and equip-
ment to United Staies forces and to allied forces by cargo
aircraft operating on a regular schedule. In addition to
the regularly scheduled flights, MATS supplies aircraft
for special missions where full plane loads of cargo are
transported directly from a designated origin (usually in
the United States) to an overseas cconsignee.

An important characteristic of the normal scheduled logistic
service is that the Air Forcc ships the major amount of cargo
by this means., Cargo density averayes in the 12 to 16 pound
per cubic foot range. The flow diagram shown in Figure 1,
would describe the usual cargo routing with the exception that
the LOGAIR segment would be bypassed by surface transporta~-
tion for a large arnount of the cargo flowing through MATS,

The low average cargo density results in a tendency for MATS
aircraft to cube out before grossing out. This situation does
not apply to all aircraft, notably the C-124. However, it is

a frequent occurrence to cubée out aircraft such as the KC-135
even though route segments are 2000 miles or more.

The role of the air logistics system changes considerably during
an "emergency' period, The military aircraft normally used
for scheduled air cargo operations can be diverted to trans-
porting troops and supporting equipment to the trouble spot.
Once delivered, these troops require resupply by air until
conventional surface supply lines are established or until

the troops are withdrawn. The recent airlift of airborne

troops to the Dominican Republic is an example of such
emergency action.

3oth the basic cargo and route structure changes considerably
during an emergency. The average density of Army cargo,
exclusive of ammunition, ia about 25 1b/ft.” Ammunition weighs
40 to 50 1bs/ft3 or more. The shift to Army resupply means

a much higher probability for grossing out the aircraft.

The route structure of the air logistics system also changes.

If daily supplies for troops are shipped from CONUS, the Air
Force shortens transit time by loading MATS planes at the most
convenient military or commercial air field.




Description Of Airdrop System

The Air Force supplies the large transport aircraft for
airdropping Army supplies and equipment. The rail
system designed as a part of the 463L project will
accomodate both logistics pallet and airdrop platiorms.
Hence, any Air Force aircraft having a rail system
installed can be used for airdropping Army rigged loads.

During '""Normal" times there is practically no require-
ment to supply troops by airdrop. The Army conducts
training for rigging loads and, in cooperation with the
Air Force, makes many practice drops. The accepted
platforms used for training are modular in construction.
They can be combinedto make airdrop platforms ranging
from 8 feet to 28 feet long in increments of 4 feet. For
training, the platforms are recoverable and reuseable to
a certain extent.

The chief difference between normal and emergency
operation is that there is no assurance of recovering
platforms and associated airdrop equipment during an
emergency. Various estimates of the percent of items
recoverable have been made. However, the Army has

very little past experience on which to base these estimates.

The present method of delivering supplies and equipment
by parachute is not satisfactory to either the Army or the
Air Force. Hence, there is much activity by both services
to develop delivery methods that are more accurate, more
flexible, less costly, and less vulnerable to ground fire.

Three low level extractions methods are now in develop-
ment: Ground Proximity Extraction System (GPES), Low
altitude parachute extraction system (LAPES), and the
parachute low altitude delivery system (PLADS). GPES
and LAPES are executed close to the ground thus permitting
the platform to free fall. The horizontal velocity or ground
impact is far greater than is experienced when the platform
is dropped from several hundred feet. LAPES introduces
the widest ranges of platform-to-ground altitudes upon
impact.

Each of these logistics and airdrop missions have resulted
in an individual pallet or platform. A review of the overall
usages and requirements is essential prior to establishing
the design criteria of the Universal Platform and Cargo
Restraint Device,
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SECTION IIIA

THE RELATIONSHIP OF PALLET SIZE TO AN
INTEGRATED AIR MOVEMENT SYSTEM

In addition to their support of the Air Force, three branches

of the Air Force can be considered priacipally as service
organizations to DOD because MATS, TAC, and the Theater
Airlift organizations supply the airlift capability for most air
logistics and airdrop operations. Since it is their cargoes
which will be carried, it is desirable that the special problems
of the "customers" be considered carefully so that an integrated
source-to-nser supply system is achieved.

Air Logistical Supply Systerm

There are two possible methods of shipping unitized laa ds
weighing about one ton through the air logistics system., The
pre<ently accepted method is to unitize loads on 40" x 48"
warehouse pallets and to ship four such loads on the existing
unitary 88" x 108" master pallet. The other method would
be to design a fork liftable modular pallet that can be joined
together in multiples to make a large unit load for air ship-
ment, then disassemble the pallet into the original small
components for handling at the output end of the distribution
system.

It is widely recognized that the 88" x 108" logistics pallet is
toc large for unitized handling outside of the Air Force. The
Army and Navy have standardized on the 40" x 48! pallet size
for unitizing supplies. This unit size is compatible with the
MATS master pallet since four of the small pallets can be
shipped on a master pallet without undue loss of space. Unit
loads of Classes I through IV Army supplies on 40" x 48"
pallets stacked 54'" high weigh from 1500 1b. to 2000 Ib.
Class V supplies have much higher density and weigh up

to 3500 1b, per pallet load stacked to a height not exceeding
54". Army and Navy supplies shipped via MATS and Theater
Airlift on 40" x 48" pallets will nearly always cause the air-
craft to gross out. Therefore, with these shipments, the
extra cube due to use of the warehouse-type pallets on the
large unitary platform is of no consideration. The extra
weight of the pallet-on-pallet system (approximately 2% of

=9a -
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the cargo weight) is a factor that must be considered. How-
ever, any pallet system that might be designed to combine
small modules in order to construct an 88' x 108" size
would weigh more than the present MATS master pallet.

For light density material, the overall stacking eificiency
and the possible stack height would be reduced if loads
were built up on pallet modules smaller than the standard
88" x 108' pallet. This would aggravate the axisting condi=-
tion of cubing out most Air Force transport aircraft when
the majority of cargo is lower density Air Force Cargo,

The loads of supplies unitized on 40" x 48" pallets offer
handling advantages at both ends of the supply system since
they can be handled quickly and easily by fork lift trucks.
These unitized, fork liftable loads provide the desired
feature of intermodal handling and transportation, The
pallet is a standard size that will fit commmercial and mili-
tary transport vehicles with a reasonable degree of weight
and cube utilization. Such a systermn would likewise permit
acceptance into the airlift system of Army and Navy cargoea
in their usual form, theraby providing desirable custormer
service,

Delivery of Supplies By Airdrop

The present system for delivering supplies by airdrop
utilizes a platform having minimum dimensions of 96" x
108", The adoption of this 463L size has created a problem
for the Army because the minimum quantity of supplies that
can be transported and dropped efficiently is too large for
average Army usage. The 463L system has replaced the
A-22 container for airdropping suppliea. The A-22 is a very
simple, lightweight method of rigging and dropping pallet
sized loads up to 2200 1b weight and is preferred by the Army
for airdropping supplles.

There seems to be no easy solution to this problem since the
standard 463L rail width is 108" for aiidrop platforms, The
Army is presently experimenting with methods of dropping the
A-22 containers from aircraft equipped with the 4631, roller

and rail system., This i3 an important consideration that shouid
receive further attention by the Air Force and the Army.

-9b -
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SECTION 1V

PALLETS SYSTEMS - QUANTITY REQUIREMENTS

Four standard pallets are in use today. These are listed
in Table I.

TABLE I.

CURRENTLY USED PALLETS AND MODULAR PLATFORMS

Designation Size Forklift Entries
LOGAIR 54" x 88" x 2 1/4" No
TAC 54''x 88" x 4 1/2" Yes
MATS 88" x 108" x 2 1/4" No

AIRDROP 48" x 108" x 2 5/8" No
(Basic Module) ,

Although the four types of pallets are designed for a specific
application, the 463L aircraft reil system with suitable adjust-

ments will accomodate all types. Figure 2 illustrates the chief -~

uses for the various pallets,
USE OF LOGISTIC PALLETS

Pallet usage for logistic purposes varies from daily use in
LOGAIR and MATS to standby duty for TAC, Since accept~
ance of the 463L concept, the various military sarvices have
purchased pallets for their particular application.

54" x 88" Pallats

The two small logistics pallets (54" x 88") are for holding
Strike Force supplies in readiness and for use in the LLOGAIR
SYSTEM. TAC has purchased 4700 pallets for '"mobility"
loads, It is estimated that this quancity will satisfy the
requiremant for this application up to ten yeiurs in the future.
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The LOGAIR System presently handles an annual cargo
throughput of approximately 180, 000 tons per year. It

is expected that LOGAIR will stabilize at about this yearly
volume. The growth curve of LOGAIR is shown in Figure 3,
The present inventery of ueable pallets ia approximately 1000.
A current purchase of 100 additional pallets plus 50 repairable
pallets will bring the tztal inventory to 1150, Average pallet
utilization, based on an estimated 80% of total cargo movement
on pallets, is approximateiy 155 pallet trips per year.

Damage rate for LOGAIR pallets is inherently less than
for larger pallets. This is because the construction of
both pallets is identical, yet the LOGAIR pallet has to
carry only one-half the load. In addition, the small
pallet is not normally lifted by the four corners as is
required of the large pallet for loading in the C-124
aircraft. Pallet loss or systemn unbalance are more
easily controlled in the LOGAIR system because it
operates entirely within CONUS, It is estimated that
a replacement rate of 10% per year (100 to 120) will

be required.

88'' x 108" Pallets

The MATS and Theater Airlift combine to form that
segment of the air logistics system moving cargo from

an APQE to the designated service. In the European
Theater the 322nd Air Division has been combined with
MATS. Inthe Pacific Area, the 315th Air Division
operates independently and is not within the framework

of industrial funding. Since, the Theater Airlift is an
extension of MATS in many instances, and since data

is not readily available on this segment of the system,
this analysis will deal only with MATS system character-
istice. This approach will tend to underestimate the usage
of the 88" x 108" pallet since the requirements of a rather
important segment of the air logistics system are not in-
cluded, :

Information regarding MATS pertinent to estimating pallet
usage and future requirements is shown in Table II,
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TABLE II
MATS SYSTEM DATA

System Throughput (Average) 240,000 Tons/Yr.

Projected System Growth Rate 15%/¥e. T
Percent Palletized Cargo 50%

Average Load/Pallet , 2.1 Tons

Projected Avg., Load/Pallet 2.5 Tons

Approximate Number of Pallets at Fresent 3,200

One of the complicating factors is that there is poor control
over pallets because the system extends around the world
and pallets are not always returned to the system by the
Army and Navy. At the present time an extra pallets are
being purchased for the MATS system, to iacrease the in-
ventory to approximately 10,500 pallets. On the basis of
3,200 useable pallets, the pallet makes one trip every 20
days. With the increased inventory, pallet useage will be
about one trip every 2 months.

Using a growth rate of 15% per year in the MATS system,
and assuming an attrition rate of 10% per year, the require-
ment for 88' x 108" logistic platforms is estirrated at 800
pallets per year, The 10% attrition is an estimate based on
fewer pallet failures in service and better pallet control.
Attrition has been as high as 40% per year.

USE OF AIRDROP PLATFORMS

As stated above, the only requirement for airdrop plat-
forms during normal times is for training Army and air
Force personnel in the techniques of rigging and dropping.
The recovery rate is 100% and the incidence of damage is
rather low. A modular airdrop platform hasan average
useful life of four to five drops.

-14 -
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Total purchases of modules since the approval of 463L
amounts to approximately 35,000 sections. No estimates
are available regarding the present inventory of usable
platforms, During an emergency period, the requirements
for airdrop platforms would be quite large in comparison
to the modular sections purchased to date. For example,
if one airborne division were emplaced by airdropping all
personnel and equipment, the equipment would require
approximately 15,000 4' modules. This assumes no plat-
forms are recoverable.
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SECTION V

MODULE SIZE DETERMINATION

Choice of a module size for a universal platform is _
inf luenced by considerations other than dimensional -
restrictions. In arder to evaluate any proposed module

size for universal platform it is necessary to investigate

the characteristics of the platform system which is implied
by the module size. For example. a module size which re-
quires assembly of four modules for a logistic platiorm may
be equally desirable, from the point of view of size alone,
as a module size which requires two modules per logistic \
platform.

2

The smaller module in this example, however, clearly i
implies a system different from that of the larger module. ;
Platform strength, cost, weight and ruggedness may be !
expected to be different. Assembly time in ¢he field would P
differ, as would the degree of compatibility with airdrop o
loads, s

Consequently, it is necessary to keep in mind the system
performance implications of any potential module size., The
following discussion identifies possible module size, ranks
them in accordance with the general universal platform object- ,
ives, and documents selection of the size that is optimal from -
both the pcint of view of size objectives and other relevant . !
objectives. P

OBJECTIVES

The objectives to be met by a universal platform include i
thoee which specifically relate to module size. In addition, =
other objectives either influence the module size or are

affected by it. Objectives related to size are grouped be-

low in three categories.

Stated Size Objectives:

Three objectives specified by the statement of work directly
restrict the rnodule size. They are:

- The module shall be of one size.

- The module shall be compatible with 463L equipment
and aircraft.

- The module shall be capable of being assembled into
a platform of 108" x 88" dimensions.
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Stated General Objectives

Several general objectives are also specified by the con-
tract work statement, The first two of these directly
influence module size. The others are objectives which
either influence or are affected by module size.

-~ The module shall be of such size that assembled
airdrop platforms are compatible with standard
'”” airdrop loads.

- Cost of the module should be the minimum possible.

= The module should be readily assembled into
platforms under field conditious.

= The module should be capable of withstanding
long periods of operational use,

Platforms assembled from the modules must be
capable of being stored outside under worldwide
climatic conditions.

Developed Objectives from Field Survey

As a result of communications with a large number of users
and managers of military air platforra systems, several
additional objectives have bcen established. Objectives re-
sulting from this field survey which relate to size are listed
below.

-« The module design and operatiuns should be
simple.

-~ The module should withstand several airdrops,

- Platforms constructed of the module should have
a high load-bearing streng-h.

- The mocdule-platform system should provide the
greatest possible universality, or applicability
to the entire military air logistics cycle.

- The platiorm assembled from the modules should

provide the greatest possible resistance to bowing
by the tie-down devices.

-17 -
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- Module that can be assembled into the 54 x 88
inch size currently used by TAC and LOGAIR would
be desirable.

- Module size should be such that assembled logistic
platforms may be fitted into logistic aircraft with
as little space loss as possible,

Module Sizes that Meet Stated Size QObjectives

The stated size objectives listed above restrict possible
module sizes to a small number of candidates.

In order to establish the minimum feasible module size,
consideration was given to the maximum number of modules
into which a 108 x 88-inch platform could be divided. Initial’
engineering analysis of platform cosat, veight, and strength
clearly showed that the maximum number of divisions of a
108 x 88-inch platform was four modules. In additicn, it
was determined that dividing either the 108-inch cr the 88-
inch dimension of the logistic platform into more than two
parts would result in excessive platform weight and cost.

Consequently, there are only four module sizes to be con-
sidered that meet the stated size objectives. These are
designated as:

Module Desi&na.tion Module Dimension

A 44" x 54"
B 88" x 54"
® 44" x 108"
D 88" x 108"

An exception to this rule was considered. It was suggested
ti:at an airdrop module which was significantly ""shorter' than
the current Army 108 x 48-inch module would provide greater
ability to match airdrop platform lengths to airdrop loads,

This ability could be provided by a 108 by 29-1/3-inch module
-= dividing the 88-inch dimension of the logistic platform into
three parts, However, as is shown in the airdrop compatibility
sub-section of the discussion of ranking which follows, this
smaller module does not provide a significantly better fitting of
airdrop load lengths. Consequently, only the four module sizes
listed are considered further in this section.

-18 -
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Sizes Meeting Stated Size QObjectives Ranked According to
Other Objecti-es

In order to achieve a rational determination of the optimum
module size it is necessary to compare the relative perfor-
mance of cach possible module size with respect to the
universal platform objectives which are influenced by size,
This comparison is made in the form of a ranking table.
Discussion of the ranking follows. ‘

A ranking table cf the four module sizes designated above

as "AY, "B", "C" and "D" is presented in Table IIl accord-
ing to each of the general and field survey objectives., Rank-
ing is according to preference for any objective.

The module size marked 1 is the least preferred and 4 is
best. No weighing of the importance of any objective is
included: Table III shows only the order of preference of
tr - four sizes for each objective.

TABLE III

Ranking of Module Sizes Meeting Stated Size Reguirements

jecti Relative Ranki 1-4, 4 "best"
"O—ble_c—i‘v.‘-e— Sizes - 4I|xv ] B Il:tn 1" 44"’:1 1 |?x tt

Designation - A B o D

f
.

Compatibility with
Airdrop Loads 4
Minimum Weight 1%
Fase of Field Assembly 1
Minimun Cost 1
Ruggedness in Logistic
Service 1
Resistance to High-G Impact 1%
Simplicity of Design -
Airdrop Endurance
Load Bearing Strength
10. Universality
11. Resistance to Bowing
12. LOGAIR, TAC-Size
Capability
13, Aircraft Fitting
Average Ranking:

*®
¥*
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¥*
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*Considered to be uUnncceptable.
-No Significant difference, or no comparison.
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It is necesary to establish some ground rules in order

to rank mecdule sizes according to the objectives listed
above. One problem arises from the fact that module
size often does not in itself cause one module to be more
desirable than another for any single objective., For
instance, if it were possible tc design modules, A through
D, having the same weight, the cost of each 88" x 108"
pallets ‘would be different. In order to rank these four
sizes with respect to weight, therefore, it is necessary -
to consider how the weights of the modules would rank,
all else being equal (cost, strength, assembled area,
etc.) Each objective, therefore, must be considered
with this "all else being equal'' approach,

Several of the objectives are closely correlated. For
example, modules with high load-bearing strength when
assembled into platforms will provide good resistance
to bowing, For this reason, it should not be concluded
that each objective measure is equally important,

Use of relative ranking may also be misleading, since a
ranking of 3 in "cost'", for example, may not equivalent
to a ranking of 3 in "weight", In Section VIII, discussion
of the performance of the Universal Platform Module,
reveals the importance of the module weight when used

in the logistics pallet. The transportation costs of the
pallet become several times greater than the production
cost of the pallet. Costs, then should include total costs,
i.e. production, transportation, replacement, and main-
tenance.

Further assumptions made in determining the relative "
rankings are discussed under each objective heading
below.

1, Compatibility with Airdrop Loads

Army airdrop platforms are currently constructed from
modules assembled to 108 inches width., They are avail-

able in 8, 12, 16, 20, 24, and 28 ft. lengths. This assort-
ment of lengths seems to provide an acceptable "match"

or fitting of airdrop loads. In some cases, however, plat-
form length is greater than the length of the item placed on

the platform, and excessive aircraft cargo space is consumed.
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It was felt in the initia] phases of this study that an
"optimum'" madule length ! should be determined, in
order to avoid wasting aircraft cargo space with exceas
platiorm length. If such an "Optimum' airdrop module
length existed, and if it seriously affected the space
utilization of the aircraft, this optimum length would
become a strong size requirement.

In order to ascertain whether or not airdrop module
length imposed a serious size constraint on the Universal
Platform module, two studies were made.

The objective of the firat study was to discover il wivdrop
module length seriously affected the capabiiity Lo match
platform length to load length. In this study, rigging of
current standard airdrop loads was irvestigated.# No
weighing of the importance of any one load was imposed.
Current relationships between load lengths und minimum
acceptable platiorm lengths were assumed to be represent-
ative of future airdrop loads and thus to provide a basis
for a general analysis, Detalls of this analysis are pre-
sented in Appendix 1,

The results of this analysis are shown in Table IVa.

Expected aircraft length loss (under stringent assumptions)
are shown for five potential module lengths. The 29-1/3-inch,
48~inch and 50-inch lengths, sizes not evaluated here, are
included for comparison. Aircraft cargo space loss is in
terms of average number of inches of excess platiorm length
divided by average load length.

1 vlength' as used here for airdrop modules, means dirnen-
sion along the center line of an alreraft with a 108-inch rail
system. That is, the "length' of a 108 by 48 inch airdrop
module is 48 inches.

2 The U.S. Army TM 10-500 serion of airdrop lmd rigging
instructions.
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Table IVa indicates that only a 2% improvement in aircraft

space utilization is expected by shortening the current 48~

inch airdrop module length to 29-1/3 inches. The results :
suggest, however, that a considerably larger aircraft space i
loss (8%) is to be expected when aircraft platform length is ‘
increased to 88 inches.

TABLE IV

Importance of Module Length on Platform Compatibility
With Airdrop Loads

IV(a) Results of General Analysis (Sce Appendix 1)

Module Length 29-1/3 44 48 50 88 88«4 50"
- inches

Aircraft Caryo '
Space Loss, % 2 4 4 5 8 5

IV(b) Results of Specific Equipment List Analysis
(See Appendix 2)

Module Length 29-1/3 44 48 50 88 88 + 50"
inches :

Aircraft Cargo
Space Loss, % 0 0 0 1 9 1

The stringent assumption in the study should be mentioned.

It was assumed that platform extention "out from under' the

load was always undesirable. This is not always so in practice
for three reasons. First, with many heavy loads, all of the
aircrafit length cannot be utilized, since the aircraft ''grosses
out". Second, with combinations of most loads utilization of all
of the aircraft length is not possible, since the loads do not match
aircraft length exactly. Third, the requirements for spacing
between platforms was not included., Different spacings would

be required for platforms assembled from the 29-1/3, 44, and 48-
inch long modules.Because of these three reasons, the loss of .
aircraft space is actually overstated. It is believed that only the
8% loss figure associated with the 88-inch long platform is large
enough to be significant in actual practice.

1 A report by the Airborne Department, Ft. Lee, Va, entitled
Airdrop Load Planning Guide for Modular Platforms, for example; .
indicates that the details of fitting of several combinations of plat-
form lengths produce important fitting problems in the C-130,
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A sccond analysis of airdrop miodule length was made in

order to evaluaia tho above rosults for a spqcific cquipment

lst, A tabio of airlift cquipment for a ROAD Airborne Division
was used to represent a typical specific nirlift situation., Kguip-
ment items cariied in numbers of ton or more were studied, and
aircraft apace loss was calculated, sz defined above,

Table IVb summarizea the resulta of this study.

As tho table shows, lossos from excess platform length are
gero for the 29-1/3, 44 and 48-inch lengths. The 88-inch
length, howevar, would produce an excess of platform length
amounting to 9% of the total length of tha equipment items
considored,

Basod on these analyses, the ¢4-inch length of Moedule A
and C in Table IIl are considered to have guod ability to
match load lengths, and are ranked at 4", The 88-inch
lengths of modules of B and D are ¢onsideraed te provide
poor alvdrop load 1engbth matohing, Tha 8 or 9 percent
loss is considered to be unacceptable, and the ranking io
0 marked,

2, Minimum Weight

Prellminary design caleulations indicate th at a common

“ dowign basis, welghts of 108 x 88~inch platform assemblad
from the four modules under consideration would sompare

as followa!

Module A B C D
(Siwa) 44"'x84" B8'x84" 44'"%108" 88"xl
Wuight of
108" x 88"
Platform o4ll b, 385 b, 388 1o, 357 1
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Although the weight figures will undoubtedly change for the

final design of any one of the modules, the order of weights

should hold for alimost any design. A platform built up from

module A is heaviest because it requires more total length

of strength mernbers along its edges. One made from module _
D is lightest because it requires the least total length of strength
members. Module B should be slightly heavier than module C

since the stresses at the module poirt that must be overcome

during impact are considerably higher.

Rankings according to weight, therefore, are in the reverse

order of the weights as shown above., The weight associated

with module A (i.e, 44" X 54") is considered to be close to D
an unacceptable lovel, '

3, Ease of FMlald Assembly '

With any system of fleld assembly, the module D is by

far superior, Over 30% of the loads listed in the specific
eguipment list for an airborne division (see appendix 2)
could be lifted on an airdrop platform of this size. For
alrdrop rigging, therefore, the larger module could be
axpected to require much less field assembly, In addition,
almoat all logistic loads could be carried directly on Module

Module A will require the most affort for fleld assembly
Approximately 50% more labor is required to assemble a
full sizo logistice pallet from module A than is required
to malkie the pallet {rom B or C modulas.

Module B and C may be considered ossentially equal in ease i
of auemblir. though coniiderably inferior to D, They are, :
consequantly, assigned to & ranking of 2, {

Z

4, Minimum Coat ' 0

Praliminary design and cost calculations indicate that a
108" by 88" platform made up {rom the four module sizes ;
may be expectud to cost as follows, in lots of 500 - 1000

or more: !
Module A B ¢ D |
(Siee) 44''x54" 88"x54" 44"x1 08" 88"'x108"
Cost.of 108" ‘ |
x 88" platform $316 $307 $307 $281
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Cost ranking derives from the same factors as does weight

ranking; for equal area, module A requires the greatest

amount of high-cost rigid edge members, Module D the least.

In addition, more fastening devices are required in any useful

arrangement of module A, less in modules B and G, and least:
- for module D. '

Modules are ranked with respect to cost, therefore, in the
inverse order of their costs as shown above.

5, Ruggedness in Logistic Service

The relative ruggedness cf platforms made up of the four
modules will be affected by reveral factors. In general,
module D will be more rugged, more rigid, and inherently
stronger than the others. This superiority results from the
fact that a platform consisting of module D relies upon the
very efficient structural continuity from edge to edge.

One of the most frequent sonrces of service damage to
current logistic platforms is impact damage to the edges.

If the smaller modules are assembled into logistic platforms
using separate side~-rails and seldom disassembled, they may
rasist this type of service damage as well as the larger plat-
form. However, to the rxtent that they are disassembled,
handled, or reassembled in a different configuration, (e.g.,
airdrop) they may be expected to receive more damge to their
mating edges. Consequeutiy, module A, having two edges
which must remain within close tolerances, for any mating,
can be expected to fail moure frequently than the others.

Modules B and C would be essentially equal in this respect,
but neither are as invulnerable to damage as module D
(i.e, 88" x 108"). '

b, Resistance to High-G Impact

Study of the stresses that may be expected in the aircraft
platform during specified loadings indicates that the most
criticul platform member is the reer edge of the platform
during the 9G forward test condition, This member is load-
ed vertically by the cargo net and acts like a pin~ended beam.
The highost stresses will occur at the center of this edge
member, Bending to failure is to be avoided. Stiffness
sufficient to rusist excess bending is also crucial, since if
the platform bends too much, the load will come out of the
rails and become a missile during impact.
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The analysis showed that, all else being egqual, the con-
tinuous sandwich construction and single extrusion edge
member of module D will provide superior strenght and stiff-
ness.

Mondels A and B are inferior as impact-resistant elements,
since a logistic or airdrop platform assembled from these
modules will have a longitudinal joint in the middle of the
width dimension for 108-inch rail systems. The cost and
weight necessary to provide sufficient strength and stiff-
ness would be prohibitive.

Module A and C platforms would also have a ¢ross-width
joint when used in aircraft with 88-inch rail systems. In
the 88-inch LOGAIR Rail system, however, the load on the
platform would be less. The stresses in the rear edge
member also wouid be less for an 88-inch rail system
than for a 108-inch rail width since the rear edge member
is shorter.

Consequently, module D is preferred; A and B are con-
sidered to be unsatisfactory and C is marginal.

7, Simplicity of Design

All four module~platform systems under consideration
would be of similar design. Whether with detachable or
integral side-members, each module would requ.re some
joining to make longer airdrop loads. Module D vwould re-
quire considerably less joining, as discussed above, but
the design and operating principles are assumed to be of
equal simplicity.

8, Alrdrop Endurance

It is not evident that any of the four sizes would be superior
in this category. Platform D, with greater integral strength,
would better withstand the shock of edge-landing, and load
"rebound". Partially offsetting this is the possible ability

of replacing locally damaged panels with modules A, B and

No relative ranking is assigned for this category,
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9. Load-Bearing Strength

Module D should be superior in this regard. The continuous-
skin sandwich construction logistic platform, only possible
with Module D, is the most efficient section for strength and
stiffness. Logistic platforms assembled from Module A are
counted as inferior, since joints would divide their surface
in two directions.

- 10. Universality

Figure 1 in Section III describes the overall flow of air
cargo for combat and peacetime logistic cycles.

It is possible that the 44" x 54" size could move from
"gource' to '"user' in both cycles. This size is close

to the standard 40" x 48" warehouse pallet used in
commercial, Army, and Navy warehousing and shipping.
In theory, cargo could be palletized at a manufacturer's
warehouse, shipped to Army or Navy depot, joined to-
gether in blocks of four to move through the MATS system,
and if necessary, broken down into blocks of two to be
loaded into ariny aircraft. In addition, sufficiently varying
lengths of airdrop platforms could be constructed with the
modules for either 88" or 108" rails. (Module A is there~
fore compatible in assembled sizes with the MATS 108"
rail system; and with the TAC, LOGAIR, and experimental
Army CV-7- 88-inch rail system.) If desired, the single
loaded modules could be carried in the Army 3/4-ton and

2 1/2-ton trucks, the 3/4, 1.5, and 2,5 ton trailers, or
M274 carrier (mule); six of the eight most numerous cargo-
carrying devices that may be expected to be available in
combat zones,

Several disadvantages are attuched to this source-to-user
concept, however. The most serious are high weight, cost,
and complexity of larger pallets made up of A sized modules.
These disadvantages arise from the nced to fasten the modules
together so that they are strong enough to meet operational
stresses. Another disadvantage is thut increased labor,
material, and weight would be required per platform for
notting the four smaller A modules. Poorer cube utilization
in aircraft may be expected with platforms asseinbled irom
small modules individually loaded than with larger modules.
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These disadvantages, however, are considered above under i
the other performarnce measures. From the point of view i
of universality alone, System A must be considered best.

The major difference between the universality of module S
B and modules C and D is that the 54' x 88" size currently
used by TAC and LOGAIR is not achievable by the latter
two modules, .

11, _Resistance to Bowing_

A serious difficulty with present platforms is that tie-
down hardware is capable of exerting sufficient vertical
force on the platform edges to bow the platform. This
bowing often prevents entry into the aircraft rail systemas,

Modules D and C, with continuous skins across the 108"
width, will be superior in resistance to this bowing ten-
dency, since greater stiffness is possible with these modules,
as discussed above,

12, LOGAIR, TAC-Size (88 x 54-inch) Capability

Modules A and B rmay be used to replace the 88 x 54-inch
platforms currently used by LOGAIR and TAC, and the few
platforms of that size used in the MATS system,

As discussed above under platform usage, however, the

replacement needs of the LOGAIR and TAC systems for

modules of this size are small relative to those of the

MATS and Airdrop pallet systems. Consequently, this =
criteria is not considered a critical one,

13. Platform Fit in Aircraft

Current logistic platforms do not provide exact fitting of
cargo aircraft, The table which follows shows possible
utilization of cargo compartment space with the 88 x 105«
inch platform, which corresponds to module D.
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TABLE V

Platform Fit in Military Aircraift

: Cargo Number of 108" Approximate Loss in

T Aircraft Compartment by 88" platforms Compartnent Length,

: Length Possible Loss, Inches DPercent

) C-124 924" (77") 10 26 3 ,
C-133 1168" (97" 4") 13 0 0 .
Ccv-7 3Tt (31 5") -3 49 13
C-141 a40"  (70') 9 - 32 4 -
Inc, Ramp 972" (8l") 10 T4 8 i
C-130 4970 (41.4") 5 49 10 ‘
C~135 12230 (101" 11") 13 55 4

. Assuming a 2" spacing between platforma.

2 Not directly comparable.

It is apparent that the 83=inch length is a poor (it for the
C-130 and CV-7, The C~130 and C-135 problem would be
rolieved if module A or C ware adopted, since a "half=-
platform' might be loadad into the 49-inch space. The
CV-T7 miafit could not be improved by using A or C, since
insufficiont space remains to load a half-platform,

Consequantly, modules A or C are to be alightly preferred
over modules B and D for logistic platform fit.

Optimum Modulu Sizo Mooeting Objectives

From the ranking table and discussion above, it is apparent

that module D, the 108 by 88-inch module i# more consistently
proferable than the other three. Module size D, however, suffers
from the serious inability to provide efficient airdrop load length
matching. Using module D as an alrdrop meodule, roughly one
foot in oach ten foet of aircraft length would be occupied by
superfluous platform.,

[}
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Module C, the next most consistently desirable platform,

is to be preferred over A or B hoth by virtue of its higher
ranking, and since it does not, as do A and B, have marginal
performance in any of the ranking categories., Module C,
therefore, is selected a s the optimum size that meets the
stated size requirements.

Module C may be viewed as the best compromise between
module D's inherent strength superiority and the greater

size flexibility of module A. Two modules of C would be
required for a 108-inch wide logistic platform. This plat-
form,however, could be adjusted to accormnmodate longer
logistic loads than the MATS pallet can carry now. When
used as an airdrop platform, C would be joined by a system
of separate side-rails. Field assembly with hand tools
should be rapid. An inventory would be required at assembly
areas of side-rails of the various lengths required,

It is interesting to note, from the above analysis which
results in Table III, that only one serious drawback keeps
module D from being clearly superior, This drawback is
the inability of the 88-inch length of module D to match
airdrop loads with sufficient efficiency.

Module Thickness

Ag specified in the work statement, the module thickness
should be 2 1/4". However, a full syatems siudy of all
factors affecting module thickness (such as cost, strength,
stiffness, weight, and cube loss) would result in an optimum
module of diffarent thicknese,

Extension Of Platform Width To 120-Inches

Au objective of the universal platform system specified

in the wourk statoment is the capability to be assembled into
platforms 120" wide. This width increase would be accomp~
lished by adaptors ndded on the 108-inch width of & logistic
systam. The 108«inch rail system would continue to be
employed,

Mooting this objective is a problem in the design of adaptive
side-ralle, The effectivenoss of any module size, and hence
the optimum module size, is not affected by this objective,
Consoquently, this objective was not included on the ahove
determination of the best module size within the constraints
imposed by the work statement,
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System Perfermance of Optimum Module Size

The 108" by 44" module size is the best choice for a single-
sized universal module for logistic and airdrop use, As a
platform system, however, it shows no clear advantagcs
over the system and sizes currently in use. Section VIII
expands on the capabilities and limitations of the universal
platform concept when limited to the use of only one module
slze,
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SECTION VI
MODULE MATERIAL SELECTION

The current 463L pallets and modular type airdrop
platforms are fabricated from -

a. 6061-T6 aluminum alloy extruded edge members.

b. 6061-T6 and 7075-T5 aluminum alloy sheets for
the upper and lower surfaces.

c. Edge-grained balsa wood core,
d. Urea and epoxy adhesives.
8. Alloy steel tie-down rings.

These materials have proven to be satisfactory from the
standpoint of structural performance and environrnental
resistance to climatic conditions. During this study, and
objective review of design requirements and matorial
properties was conducted to determine the minimum
material and production cost of the universal module,

Operational usage of the logistics pallets (i.e. corner
suspension and the alternate longitudinal orientation of

the pallet) dictates that the pallet have bi-directional
structural characteristica. A sandwich type construction

is racognized as the lightost and rnost cconomical structure
for this type of loading. A low donsity core resists local
impact loadings and distributed shoar forces; o high density
material resists the bending forces. Selection of the optimum
core and skin materials requires u cost/performance evaluation
of potential materials and the determination of the minimum
performance requiremeants of the structural element,

The phyaical properties of broad range of metallic and
non=-motallic materials wore reviewed to determine the
mont promising skin and core materials, Several varia=-
tions of alternate materials ware combined into a weries

of sandwich panels subjected to puncturc and roller indenta-
tion resistanco tests.
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SELECTION OF CORE MATERIAL

A comparison of the cost and physical properties of various
core materials is shown in Table VI, Table VIA shows

bar graphs of the varicus propertics for cach core material
so that the relative values can be more easily visualized.
Table VIB shows relative values of strength/weight, strength/
cost, and strength/woight x cost for various core mataeriala.
Although great care must be used in interpreting such a table
bocause there is no weighing of importance of the different
factors, this type of comparison can be useful, For instance,
this table clearly shows that on the besis of strongth/weight
and strangth/cost ratios individually, balsa is oqual to or
better than all other wreas, However, when both weight and
cost are considored along with compressive strongth, the
paper honeycombs show up to good advantage., Although the
strength/weight x cost ratio is very high for some of the
low=density honeycombs, they cannot be used because thay
have inadequate compressive strength.

Balsa Wood

Balsa wood has boon extonsively uaed as the core material

in the 463 L platforms and Army modular platforms fox alre
drop, Balsa s desirable as a ¢oro material becauss of its
relatively high comproesnive strength, 800 to 1000 pal, and

its good shaar strongth, which is gOO to 300 pel, depending
upon moisture content and density, If the balsa wood re=-
malns weot for an extended poriod of time, it may be subject

to fungus attach which weuld aeriously deteriorate ite strongth,
The primary disadvantages of balsa are the lask of domestic
supply, ralatively high density, high cost, and lack of unifor«
mity. The density varies from a 4 pef to 16 pef within a single
tree, The negmenﬂn‘i of the tree, grading, sorting and mix?ng
the various densities into the proper average density consumos
many man hours of laber,
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TABLE VI

CORE MATERIAL CHART

Density Cost/sq {t Compressive Shear
Material lbs/cu ft =  2=-inch thick Strength (psi) Strength (psi)
Balsa 7.5-9 $ .90 800-1000 200-300
Paper honeycomb  3.4-4.0 54 450 110

Douglas Aircomb
Style 125-35 Type
20

Paper honeyecomb 4.0 .50 395 72-140
Haxcel 99/5/16/25

DPaper honoycomb 3,9 46 275 75-175
Hexcel 99/3/8/28 ~

Paper honeyeomb 3.3 80 270 80-118
Union=-Camp 50/
1/4/18

Papsr honeyaomb
Hexcel 60/1/2/28 2.4 26 170 32465

Paper honeygomb
Hexcel 80/3/8/18 2.7 28 165% 65-95%

Paper honeysomb
Unlon-Camp
gu/1/2/18 2,28 20 170 40.59

Foam«{illed papar
honeycomb
Ué\.\on-uump 80/1/2/
l
1.5 1b/i3 urethane
foam 8.0 70,40 400 "

Urethane foam

slab

U.8, Gypsum

ZanOCall 4.5 1,40 75 70

.34 .
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11,

12.

13,

14,

15,

Material

Urethane foam
Froaman 1428/1325

Urethanns foain
Froemsn 1428/1328

Urethane foam
Froe.ran 1428/1325

Aluninum Honoy-
corab 1/4 =,003
ACG

Aluminum Honeye

_comb 3/8=<ACC-

003

Density Cost/sq. ft Compressive Shaur fitre
lbe/cu ft. 2=inch thlek Strength (pai) {1 si)
4.1 40w 113 -
615 160* 175 - w
3.0 \73* 270 "
5.2 1. 40 595 213 - !
3.6 98 323 130 - ¢

WRi . Materials cost only.
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13,
14,

13,
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20
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13.
14,

13,

AABLE VLA
BAR GRAPHS - PROPERTIES OF CORE MATERJALS

Balen

Airvomb 125-35 Type 20
Hatteal 99=5/16-25
Haxcal 99-3/8-25

1,0, 30=1/4-18

Hexcel 601/2-28
Hexcel 80-3/8-18

U.C. 80=1/2«18

U.C. 80«1/2418 + Foam
Zar=0=0al Foam

Traaman Foam &4 1b,
Freaman Foam 6 1b,
Freaman Feam & 1b,
Hemsal AGO 1/4" AL H,0,
Hexeal ACG 3/8" Al M.Q,

balsa

Airvooub 125«33 Type 20
Hexcal 995/16-2)
Hexcel 993/0-28

U.Q, 30=l/4=1d

Haxoul 60n1/2x25
Hexcel 80s3/8=18

U.Q, d0=1/2+18

U.C, 00=1/2418 * Foam
LereOnQal Foanm
Yreaman Foam & b,
Fraeman Foam 6 1b.

Froaman Foam B 1b,
Haxcal ACG 1/4" AL H.C.

Nexyel AGG 3/8" Al H.C,

Density lb/cu, ft.

Comprassive Btrength, pal,

200

400

-30-

600

vivem swen sbwumssmnendve sl

800 19000

Coat par 8q., Ft.

2-inch Thick

8heay Btpength, pul,

]
LA “,A A _“
50 100 150 200
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TABLE VIB
STRENGTH-COST-DENSITY RELATIONSHIPS

J
i
A

Compresasion Shear Comprasasion Shear Compression Shear
Strenyth Strength Strength Strength Strength Stren
ﬁemfty %X cost Benagty LDensity Denaity Coaat Coit

X cost
- Balsa 124 37 110 33 1100 33,
A Aircomb i 5] 110 27 830 2)
. \ Hexcel
99/ 5/16/25 198 70 99 35 790 28
Hoxcol 99/3/6 /zs 160 vo97 70 45 600 38
ue 50/1/4/18 164 70 82 as 540 23
Huxcel 60/1/2/25 270 103 70 27 650 25
Hexael _ )
BO/ i/8 /18 : 220 128 6l 38 890 34
ue 80/!/3/’18 390 131 78 26 880 2y
Forme=Jilled
Honeycomb 90 - 67 -e 530 C mm
B'lbo FO&m 47 e 34 Ll aﬂo .-a
Aluminum heney- ’
eumb 5.2 pof 82 48 114 &Y 426 24
Aluminum heneys Co
comb 6,9 pet Y 83 31 114 67 368 2l
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The lack of domestic supply is a prirary deterrent to the

use of balsa wood as a core mataerial. It is not grown

domestically and must be imported from South America,

Therefore, it is possible that the supply could be cut off

during an international crisis or other shipping interrup=

tions. Although the sunply has beun adaquate to date, {uture

requiremonts , especially for airdrop platform may exceed

the supply. -

The density of tle balsa cores now used averagues clode to

9 pounds per cubic foot, Although this density is not high :
in proportioa to the compreasive strength and shear strangth,
laboratory tests indicate that the core of the present 4631
and modular pallets may be ovordesigned, Since the weight
of the platforms and associated transportation costs ave
important, consideration should be given to reduction in

core weilght if this can be done without adversely affecting

the over-all porformance of the pallet. The limired tests

that we liave run in this program indicate that certain paper
honeyc: mba, which have a density of approximately ¢ lbs,

per cubde foot, show promise of performing ndequately

under defined test conditions. Since there are gpproximately
11 culie faot of aore materinl in an 88" x 108" pallet and the
paie:: honaycomb welgha 4 loa. pex cuble {oot as opposed to

9 1br . per cuble foot for the balea wooed, there ia a possibility
of n weight reduation of 85 lua.

The sost of the balsa weod core s approximately §,90 per
stuare foot for a 2«ineh thick core, or nearly $60.00 for an

88 x 108+~inch platferm. ‘This cost {s not high in comparisen
with the physical propervties of the balea, but i cest reduction
ean Be ohleved without daaraasih% the sarviceability of the
platform, it would be desirable, 'The cout of paper honsycombs
that appear to perform aatiafactorily are in the range of §.50
per square foot, 2 Inches thiok, The use of these honevcomba
could vesult in & cost roduction for the core material of approxs
imately $26.00,

Resin=lnpregnated Papar Haneysomb

Paper honeyeomb le avallable Drom several suppliers, ine
aluding Muxoel Products, Ino.: Unjon Buﬁ-(‘;‘amf Paper
Gorporation; and Douglas Alroraft Company, Alrcomb
Divislon., Paper honeyuomb la mada with paper of busia
welgnt of 50 1he. te 126 lbe. per veam In cell sines from
1 /4 iunh to | inch or more,

Thave are two processos [0y making impregnated honeyaemb,
One mathod in called the pre-impregnation prouness,

- 38 -




et e e e o i SR TR AT
T L P WA e

BROOKS & PERKINS

Tho second process is called post-impregnation. The post-
impregnated honeycomb gonerally has slightly better physical
propertiea than the pre-~impregnated type, but is available in

a more limited selection of panel widths and sizes and is more
expensive than the pre-impregnated type. Douglas is the prime
usar of post-improegnation among the commercial supplicrs.,

It is possible, at some incerease in cost, to ude a combination

of the pre-impregnation and post-impregnation processes, From
our work it appears that such a combination might be desirable

in order to improvo the water renistance of the impregnated
honeycomb, In a combination process, sheots of the deaired

size of pre-impregnated expanded heneycomb would be dipped

in a phenolic romin bath, dried, and ¢ured, This combination
product should also have improved physical proparties,

The imprognated paper honeyaombs are made by Hexeceal and
Union Camp generally describad by three numbers which
indicate paper basis weight, cell sisve, and percent rasin

in the puper.

The basic advantages of impregﬂated honeycomb are high
atrongth-tosweight ratio, low denaity, low cout, pood dimen=
sional stability and good remsistance to funguas. Furthermore
it {#s domestically preduced from readlly available materialu,
and wubstantial produation capucity exists in the sountry,
Additional production fucilitios may readily be put into opers
ation in case of o national arisia,

The disadvantagoens of paper honeycomb are ite lower compress=
ive and shear dtrengths than balsa and lower veslstanve than
balsn to loss of strength when wet, Howaver, with some minor
design changes it ahould be possible to qam{ﬂemly seal the parel
#0 that water would have aconss to the panal intorlor only if the
panel ia damaged 1n which case {td strength would be quantionable
Aven without aore damaga.

Arthur D, Little, Ing, teets with paper honeycomb indicate
that {n order to obtain the necesdary pundture and roller
{ndentation rasldtance, comprewanive strengths of more than
200 pal in the unfaced vore avv necensary. Paper honeycombs
iv this vange that Arthur D, Little, Inc. han tawted inalude
Mexcel 99/ 3/8 /28 (99 lbs, paper, 3/8" calls, 28% impregna-
tion) (278 gn); Hoxcol 99 8/16 /28 (398 pal); Unlon-Camp %50/
1/4 /18 (270 pui); and Douglas Aircomb Style 12835 Type 20
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which i1 made with 125 lbs . paper, 35% impregnation and
7/16" coll size (500 psi). Although some honeycombs with
lower compressive strength can satisfactorily pass the
puncture and roller indentation ieets if sufficiently atif{
skins are used, Arthur D. Little, Inc. does not recommend
thoir use unless future tosting proves them sarisfactory.

Calculations indicate thet the shear strength of the paper
honeycombs may be marginal in certain parts of the pallet
under specific loading conditions, The shear strangth in
thase areas could be improved by filling the honeycomb
with a high-density polyursthane foam in those specific
areas,

Overall Arthur D, Little, Ine, belleves that the lmpreg-
rated paper honeycombs represent the most promising
core material in terms of adequate phyuical proparties
combined with reduced cost und waight in comparison
with the present balsu wood cora., Their applicabllity
will depend in part on whether the rest of the panel is

40 constructed as to eliminate the entry of liquid water
inte the panal,

Resin- Imprognated Cloth Heneysomb ‘

Excellant compressive and shear strength can be aghieved

with the phenolia resin impregnated vloth honeycomba, howe

evoy, they are very expensive ($4+8 par aquare foot, 2-inchus

thiek) aind are made only in velatively small volumae for spociale

ived usen. It appsars thut i a more oxpansive cora is to Le used,

aluminum honeyeomb would have a wuight and coat advantage

over the impregnated eloth types. -

Dolyurethane Foam

Rigid pelyurvethane foama have been ¢ aluated as core materinla,

Theda foams can be rande with a wid, arge of phyaleal properties
and deinitias, Thoy are reslstant to water, molature, and fungus
attack under normal conditlons,

The 1rethane foams ean Lo lucorporutad into kandwich atructures
in eliher of two wayn, Thoey can be foamed in place detween skin
vautarlale, and thay can be cnst as slabe in whiah skin materials
ave later bonded, Pettur contral of denuity and phywical propers
tio s can be obtained in the pre-foamed slabe, but the foame-in«
plie process is mae economical both in termas of procesn

cnete and slimination of the adhesive thay must otherwise ba

vaed to bond the facing maturial to the pre-fourmed slab, In

“he foam=in~place technique, nn additional adhesive in necessary
becausu the urethane resin formse a bhond to the skinw as it foams,
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Arthur D, Little, Inc, tests indicate that polyurethane foam
rauat be in tho range of 8 1bs, per cubic foot or higher in

order to provide adequate comprassive and shear strength

a8 a coro material, At theac densities urethanu foamns are

lenn desirable than improegnated paper honeycombs in strength
per unit weight and per unit cont. Thelr only specific advantage
aver paper honeycombs is batter water resistance,

Foam-TI'illed Honoycornb

Tha thoory of foam-=filled honeycomb ls that even a very low-
deneity foam will have sufficient strength to prevent buckling
of tho honoycomb walls and thereby subatentially increase
the compreanive strongth of the honeycomb, The une of a
urethane foam in the honeycomb cells also substantially
raducos water ponetration of the impregnuted pajer honey=
comb if it is oxposed to liquid water,

In order to evaluate imprevements in strength properties and
water rosistance that might be achieved in a urethane foarm-«
filled honeycomb, several specimens were prepiared. To
dernonstrate improvemamts in strength properiies, honeycombe
that were marginal when used unfilled were utilized in these
teats, Thewse honuycombs wera Union Bag-Camp Paper 80/ 1/2 /
18, and Hexcel 80/ 3/8 /18,

At Avthur D, Little, Ina. the two honeycomba ware fllled

with a nominal 1,8 b, por cuble foot urethana foam, It
should bu noted that although the foam iz a 1.9 lb, formulation,
higher density reglona ocuur ndjucent to the gell walls having
the during the foaming P, 6eese 80 that the evar-all increase
in core density due to foaming {e 3 to 4 lbs, per cubie foot,
Strength touts showed that the foam Intreased the cormpressive
strongth of the 80/ 1/2 /18 honoycomb by more than 100% to
approximately 400 pal, and reduced tho streugth loss due to
water exposure to loss than 25% as compared with o 30 «78%
loss for the unfilled honaycomb,

‘Wo have not boen able within the scope of this program to
aceurately dotarmine produation costs for this tvpe of honey«
comb singe it {a not now commerclally available, Howeavaer,
wo estimate an ndd-on to tho buse cost of the haneycomb of \
approximately $.40 - $.50 por aquare floot of aore 2 -inches
thick far matariala and procmum? to foam a 1,8 1b, foam

in placo in the honeycomb, On this basis we nlght expect

a density of 85«6 1b/cu, {t, and an over=all core cout in the
range of $.60 « §.80 per square foot for a foum-filled

80/ 1/2 /18 honeyecamb, the higher«stronjth honeycombl
are [i'ad with fomm, they might show & compazable lugrease
in preoeriies and sven approach the strength of bales at s cont
aquiv .lent to bales and an equal or slightly lower density,
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Although foam-in-place {nam-={illed honeycomb of the type

that would be useful for pallets is not now commercislly avail=-
able, at least two of the honeycomb manufacturers have an
interest in this flold, Thoy are now producing some similar
products or have produced such products in the past and we
underastand they would be able to do so again.

Aluminum Honeycomb

Table VI, VIA, and VIB present cost, weight and strength
data on two of thy many cell sires and densities of alurninum
honeycomb which are coramercially available, It is readily
apparent that the cost of tha materiul places it at a disad-
vantage when compared to balsa wood ox resin-impregnated
paper honeyaomb,

Steel Honoycomb

U.S, Steel Company la currantly developing a steel honey-
aomb muterial made from 005 cor=ten ateel formed and
bonded into a 3/8" eell econfiguration. (See Appendix 3

for a detalled desoription of tha honeycomb,) Produstion
gquantities of the material aro not yet avallable. The weight
of this material, approximataly 12 pounds por cuble foot
eliminates it from serious voneideration,

V.8, 8teel had also proposed a modifiention of thelx Alre

Dok material for the Universal Platform, It would be

1 8/8" thiek rathex than the 2 1/4" apecified in the State- A
ment of Work, It would be a bonded anwembly of an "egg- ;
arato" core and thin gage steel shoets, Although the ’
-low raw materlal costs at firat evaluation saam to be

attraative, the large amount of manufacturing operations

and lack of production facllities make this pallot more

expenaive than the eurrently used pallets and platforan,

Furthermore, the weight of steel platform is much highes

than the cenventional light=weight pallets, It may have

limited application as & rouseable training airdrop platform

providing appropriate ropair procadures were available,

Raaommenggd Core Mataerial
The studies and tost data (Talble VIIC, Eaa}: 58) indicute that
’

the rilix\-impra%\atod pa{wr honaycom ould be used as
tho core for the Universal Platform Module,

.42 -
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SELECTION OF FACING MATERIAL

Data rogarding the facing matoriuls is first summarized and

then each matoerial is discussod in dotall. A comparison of
strangth, cost and weight of various facing maturials is shown

in Table VII, Several examples of aluminum alloy and steel

aro included for purpoies of comparison., The rolative strength
{igurea indicato that the polyester and epoxy fiber glass laminates
and one-half inch fir plywood are compotitive with aluminum, but
other factors such as cost, woight, and guality control make these
materials less desirable. Table VIIA shows in bar graph from the
weight per square foot, aost por #quare foot, and ralative ton-
sile strongth of the materiala in order to ald visualization of

the difformces,

Table VIIB gives relative figures for strength/weight, strongth/
cost, and weight/strength x cost foxr the various materiale, In
interpretation of this typo of data, care must be used as explained
in connection with similar figures for covs materinle, In strength/
welght vatio, tho only materials that are compatitive with the
aluminum are the fllament-wound polyaster and tha epoxy-glass
cloth laminate, The formear is not commaercially available and
would praesent adge attachrunt problems while the latter s ex=
tremely costly.
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. TABLE VII _

FACE MATERIALS CHART

Density Wt/Sq Cost/lb Cost/ Tenaile Relativel

Material Thicknesas pof  ft Sq ft Strength Tensile
Eli Strength

1. Polyoster/fiber jlhu
4=0x mat '
1l layexr 181 cloth 125 96 1,00 35 35 25,000 3100

2. DPolyester/fiber glass ‘
Woven roving Jd25 106 1,10 .50 S8% 32,000 4000 :
3. Polyeater/fiber glass ;
8-ply 181 cloth 28 110 1,18 1,18 1,32 34,000 4800 f
4. Polyestar/fiber glase ' |
Filament wound A28 14 1,50 .50 J78% 100,000 12,800 |
5. DHpexy/fiber glaas ‘
FR«45 093 112 87 3,00 2.60 50,000 4600 l
6. Paper/phonolie !
Formica 882 060 88 A4 B4 24 20,000 1200 8
7. Paper/phenoclis |
FPormica 8-52 093 88 678 54 36 20,000 18%0 |
8., Paper/pheonolic |
Micaria 28 88 90 .88 82 18,000 2280 %
1
9, Cotton/phenelic \
Formica GN 060 88 4 1,06 XY 11,000 660 t
10, Cotton/phenolic
Formica CN 093 88 678 1,06 72 11,000 1080
11, Mealamine/fabric
Formica Q236 060 98 9 1,22 160 13,000 780

wMateria ls cost only .
I Relative tensile strength = tensile strangth in pel x thicknass in luches

2 Not commercially available.
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TABLE VI[CONTINUATION)

l

Matorial Thickness Donsity Wt/sq Cost/lb Cost/ Tonsilo Rolative
pef ft 8q. {t Strength Tensilo

[Z. Melnmine /fabric ~pai_ Strength

Foriuca Q236 093 . 98 14 1,22 .90 13,000 1200
13, Tempeared hardboard \

Abitibi 828 157 59 7 - 09 3,500 610
14, Tempored hardhoard

Masonito 250 72 1,80 .- 20 4,000 1000
15, Fir Plywood 250 36 78 - 13 5,450 1360
16, Fir Plywood 500 36 1.80 - 20 4,670 3100
17. Birch Plywood 128 43 .60 . A4 7,500 940
18, BDirch Plywoed 850 43 90 .- 14 7,100 1600
19, Aluminum 6061-T¢ ,060 178 889 .. 40 38,000(u) 2300
20, Aluminum 7078-T6 080 1T 1,13 .- 57 72,000(u) 5800
21, Aluminum 7078-T6 050 1M 128 e 45 72,000¢u) 3600
22, Aluminum 7078-T76 063 174 92 - 50 72,000(u) 4600
23, C,R, Stael 1018 060 490 - .- » 60,000 3000

! Relutive tonsile strangth = tonsile strength in pai x thicknewss
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TABLE VIB
STRENGTH, COST, WEIGHT RELATIONSHIFS OF SKIN MATERIALS

Vi fre o

- Material Relative Strength Relative Sirength Relative Strength @B
- = T R pe B - — COSt per g ;ﬁi—ﬂ - WiReest— — &

1. DPolyester/iiber glass
4~02. mat
1 laver 181 cloth 31 89 89

2. DPolyester/fiber glass . _

Woven roving 36 73 66
3. [Polyester/fiber glass .

8-ply, 181 cloth 39 34 36

4, Pulyester/fiber glass .
filament-wound 83 166 . 111

! 5. Epoxy/iiber glass .
_ ? FR-45 _ 53 i8 20
E 6. Paper/phenolic - _
: ' Formica $-52 27 50 : \14

7. Paper/phenolic T T - - —
Formica 5-52 27 &1 r4 'R

8. Paper/phenolic .
Micarta 25 43 48

9. Cotton/phenolic
Formica CN i5 i4 32

10. Cotton/phenolic
Formica CN 1é 15 22

i1l. Melamine /fabric
Formica Q236 16 13 27

12. Melarmine/fabric
Formica Q236 1é 13 18

13. Tempered hardboard
Abitibi 525 8 68 38
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TABLE VIIB{Continued) P

Material Relative Strength Relative Strength Relative Strength '

Wt. per eq. éig Coat per gq. It, We, % cost o
.~ 14, Tempered hardhoard S - B 2
Masgonite 7 50 33 T

15. Fir Plywood 18 105 140 3
16. Fir Plywood 20 155 103 1
17. Birch Plywood 16 67 112 H
B

18. Birch Plywood 20 128 142 1
19. Aluminum 6061~T6 26 58 64 i
20. Aluminum 7075-T6 51 ©102 90 i
21l. Aluminum 7075-Té - 50 80 110 3
22, Aluminum 7075-T6 50 92 100 i
23. C.R. Steel 1018
]

1§

u

;

:

I

q

|

i
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In the strength/cost ratios, the polyester-glags mat lami-

nate, the filament-wound polyester, the one-quarter inch

and one ~half inch fir plywood and one-~guarter-inch fix

plywood appear competitive with aluminum. The impor-

tant factor regarding the strength/cost ratio of the polyester~

mat laminate and the filament-wound polyester is the faci
- that the coat figures for these materials are based on

T T T ———mgterinis costs only. I fabrication coats are added, the
: ratios would be less favorable. Although the plywood has

a good strength/cost ratio, it is not suitable for use as a

facing material because of poor weather resistance, dimen~

gional instability and lack of indentation resistance.

,f et

HRCHE SN

When relative strenght/weight x cost is considered, the
polyester-glass mat laminate, filament-wound polyester,
,060% phenolic-paper laminate, .157" tempered hard~
board, and fir and birch plywood appear competitive with
aluminum. However, the polyester-glass mat laminate,
filament~wound polyester and plywood must be ruled out
for reasons previocusly cited in comments on relative strength, |
etrength/weight and strength/cost ratios. The .060" phenolic~ :
paper laminate and 157 tempered hardboard have insulficient
strength in these thicknesses, and when thickness is increaged
the strength/weight x cost figure no longer approaches that for
aluminum.,

The figures in Table VII thus indicate the superiority of the
7075-T6 aluminum alloy over the non-metaliic materials, It
should be noted also that problems of static dischargewould =~ = 1
probably be encountered with many of the non~metallic materials, :
although these could be eliminated by various technigques such as i
use of conducting paint, embedding a metal screen in the surface, :
| or laminating metal f0il to the surface. However, each of these i
modifications will involve soms increase in cost and may be
undesirable for other reasons. : ;

L3

Polyvester~-Fiber Glass Laminates

Glass fiber-reinforced polyester resins have a sumber of [
characteristics to recommend them as facing materials. :
They have good resistance to impact, roller indentation

i and fatigue, weather, and permanent deformation, and

they are readily available at relatively low cost. They

alsc present the possibility of decreased processing cost

and elimination of adhesive cost through fabrication. of

thz skin in place on the core material,
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The disadvantage of polyester-fiber glass faces include pro-

blems in quality control, differences in thermal expansion

coefficients between polyester~fiber glass facea and the edge
extrusions and problems of bonding faces to edge members, H

The polyester-~fiber glass faces with which Arthur D. Little, :i
Inc. . has experimented consist of 4 ounces per square foot ;
of 2-inch chopped-sirand glass mat and a surface layer of 3
— e Stvle-181-glase cloth— This-laminate is-about 1 /8-inch thick :

and weighs about 1 1b. per square foot. Axrthur D. Little,
Inc. initial data on this face construction in our first pro- :
gress report indicated a tensile strength i&,ﬂéﬁ psi. Since
that time we have found that tensile strengths in the range
of 25,000 psi can be achieved with this type of laminate,
Materials cost is about $.35 per pound. .

AT TR T .

There are several other possible constructions of rein-
forced polyester resin that have higher strength, but they
are also higher in cost and weight. These constructions’
ptilize woven glass roving and glass cloth as reinforce~
ments. Filament-wound mat has very high strength but
ig not commercially available.

[

The following paragraphs describe in'gzi;eater detail the
fabrication methods, alternate construcrion and over-all
disadvantages of polyester-fiber glass faces. *

Tt e el 0 i

The polyester~fiber glass fa'cers can be fabricated in place
or premolded. In the fabrication--~in-place or wet-layup
“Ttechnigue, the polyester resinacts as the adhesivetobond —— . -

the face to the core, and no additional adhesive is required
in making the basic sandwich structure. If a honeycomb core
rnaterial is used, there is an additional advantage in that the
wet~layup technique will provide excellent filleting which will
produce a better bond between the honeycomb core and the
face then could be achieved with normal amounts of adhesive.

+ e ¢ o o 20 32

In the wet-layup fabrication procedure, we visualize the
polyester faces being laid up on release plates. In this
process the catalyzed polyester resin is spread on to a
surface, the cloth is laid on the resin, and the air bubbles
are roiled out of the resin~saturated cloth with special
rollers., Additional resin is then applied, and the mat is
laid over it and saturated by & similar roliing operation.
After the layup of both faces is completed oun separate re-
lease sheets, the core is sandwiched between the faces,
and they are clamped in a jig for the necessary cure period.
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In licu of construction of some full-size panels, time
cycles and therefore process costs cannot be determined
exacily. We estimate that the use of the wet-layup techni-
que to make a polyester-glase mat paper honeycomb sand~-
wich would vield an over-all cost lower than a comparable
paper honeycomb - aluminum face sandwich in which ad-
hesive is required to bond the honeyecomb and aluminum

po

together .

I the wet-layup technigque were to be used in fabrication of
these panels, considerable though would have to be given to
the techniques and procedures for incorporating the aluminum
edge extrusions into the structure. It is possible that the edge
extrusions could be bonded to the faces gimultaneously with the
curing of the wet layup, but considerable process development

would be necessary. :

The polyester-glass mat specimens could alsc be premolded.
If this is done, additional adhesive would be required in order
to bond the faces to the core, and the economies of a direct
wet-layup fabrication would be logt. It appears that the over-
ail cost of the sandwich panel would be equal to or slightly
greater than an aluminum-paper honeycomb panel at equal
strength.

With either the wet-layup or premolding technique using a
mat laminate, the strength-weight ratic achieved is lower
than 7075 alurminum alloy.

It would be possible to obtain higher strength by wsingsa—— ——
glass-cloth laminate instead of a glass-mat laminate. How-

ever, cloth is expensive, and tle cost of such a facing would

probably be $2 - $3 per square foot. The cloth laminate

would have a lower strength-weight ratio than the 7075 alum«

inum alloy and it would be difficult to justify the additional

cost for the laminate,

A woven roving laminate might also be used as a facing
material, but again the cost would probably be higher than
for an aluminum face of higher strength.

High strength structures can be made with gluss-resinforced
polyester by using more efficiently the strength of the glass
fibers. One product of this type appears promising but is not
vet commercially available. This product is made by a fila-
ment-winding technique. Resin-saturated glass roving is
wound onto a large drum in a helical pattern. The winding

is than cut loagitudianlly at one point, peeled from the drum,
and pressed to make a flat laminate. With a structure of this
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type, tensile strengths of 100,000 psi and higher can be
achieved. However, a definite disadvantage 1o this type -
of structure in this application would be the problem of
aftachment of edge extrusions. The laminate would pro-
bably have littls fastener holding power near the edges
where the cut filaments would occur. Since this process
is not being uzed cormnmercially, we are not able to obtain
any projected cost figures for it. However, we believe
that the cost would be competitive with, or only slightly

oI e expengive than the alwrdnomy, and the structure——— -

would have an advantage in weight-strength ratio over
alurminum.

There is another technique that would involve actual fil-
ament winding of the module. In this technique some type

of aluminum extrusion which representa a portion of the
over-all edge member configuration would be attached to

the edges of the core material. Resin-saturated fiber

glass roving would than be wound directly onto the panel

core. The winding would be done in two directions success-
ively in order to provide the desired two-dimensional strength
orientation.

This process would provide maxirmum physical properties

at minimum weight and would probably be one of the most
efficient types of sandwich construction that could be used
for this purpose. Following cure of the resin, the remaining
portion of each edge member would be mechanically attached
to the portion that is wound into the structure. In a face of
this type, tensile strength in the range of 150,000 psi might

be achieved.

We have also considered the use of metallic reinforeing
filaments in laminates but these do not present any great
advantage in cost or performance at the present time.

Apart from strength, cost, and weight relationships, there

is an important factor that one must consider in connection
with the use of glass-reinforced resin faces, particularly
with the wet-layup technique. This factor is quality con-
trol, The reinforced-plastics industry is not yet sufficiently
advanced technically to specify resins, reinforcements, and
laminates in the exacting way that metal alloys are specified.
Part of the problem in quality control of wet-layups is the fact
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that fabrication techniques as well as raw materials nsed can
have a substantial effect on properties of the finished laminate,
These quality control problems do not rule out the use of rein-
iorced plastic faces, but they do represent another factor that
should be sericusly considered in comnection with the selection
of facing materials.

Another disadvantage of the polyester fiber glass faces is ths
o difference in thermal expansion coefficients between the faces
T and the édge extrusions which will preswmably be alumdnarmn o
An exact thermal expansion coefficient cannot be specified
for the reinforced polyesier because the coefficient will de~
pend on type, form, and percentage of glass used in the laminate,
In general, the coefficient for these laminates is close to that
of aluminum, but even small differences could effect pallet
_ performance ov er the extreme temperature range that might
: be encountered in use.,

A further disadvantage of polyester~glass fiber lamninates as
faces is the difficulty of atiachment of faces to edge extrusiona.
Although satisfactory attachment probably could be achieved,
very close process control would be necessary to assuyre a
atrong joint.

One additional disadvantage of the polyester-~fiber glass lam-~
inates as facings is their resistance to permanent deformation,
Although this characteristic is an advantage in some respects,
it has also proved to be a disadvantage. The face may deflect
sufficiently under load to cause permanent structural damage
S to the core and then return to its original position when it is
unioaded so that there is no visual indication of the damage B
that has occurred. Under similar circwmstances an alominum
face will dent or bend so that there is visual evidence of the
internal failure,

Epoxy-Fiber Glass Laminates

Epoxy resin-fiber glass laminates might also be used as
facing materials. They could be laid up wet and molded on-
to the core or molded separately and bonded to the core as
with the polyester laminates., The epoxy laminates have
slightly higher strength than the polyester laminates; how-
ever, the epoxy laminates would also cost more because the
epoxy resins are 60 to 70 cents per pound, as compared to
£0 to 30 cents pexr pound for the polyester resins, BSince the
epoxy laminates have many of the same basic disadvantages
as the polyester laminates plus a cost dis advantage, we do
not believe they represent good candidates for facing materials.
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Laminates i

High-pressure phenolic-resin laminates made with paper
and with cotton cloth are commercially available and are
used industrially for a number of purposes, including
substantial use as electrical insulaters. These iaminates
have good weather resistance, a fairly good strength-to
weight ratio, and good impact registence,

B W e e

t
T

In cur test program we have determined that phenolic-

- e -paper laminates such as Micarta made by Westinghouse. -
and Formieca made by American Cyanamid, have excelient
resistance to puncture and perranent indentation due to
high roller loadings or rollex fatigue. However, it appears
that for the critical 9 G forward regstraint condition, the
strength of these laminates would be inadequate.

Melamine Laminates

Melamine resin laminates made with paper and cloth are
commonly produced for decorative counter tops and also
for industrial purposes. The melamine laminates have
somewhat better water and weather resistance than the
phenclics, but they are higher in cost and provide little
or no advantage from the standpoint of tensile strength.
Therefore, they do not appear to provide any importaut
advantages as pallet face materials.

Hardboard

A number of types of hardboards ave available, Some of

~them are very dense aud appear to have good-indentation-
resistance. However, we found in our testing program
that the hardboard alone would not adequately withstand
the puncture test. The hardboard would not have auffi-
cient strength for use as a skin material, nor would it
have adequate weather resistance. We have therefore
considered the hardboard primarily as a backup layer
for an aluminum or other facing material in oxder to
provide improved load-spreading characteristics and
panel stiffness. However, we have generally concluded
from our tests that a five-layer structure of this type is
not desirable since it would involve increased adhesive
and processing costs with only a noninal increase in
physical properties,

o7 PRI, iyt e P N t -y Pl
NS b A A o5

- B4

e e o Ao e~ e e - g -

DGR I 7 o)




Brooks & Unmvs

Plywood

Plywood was also evaluated as a face material but it does

not have the required weather resistance, impact resistance,
and indentation resistance. It was therefore considsred
primarily for use in conjunction with a thin metal or rein-
forced plastic surface. Two types of plywood were evaluated;
birch and fir.

Fir plywood is commonly used as a construction material

and information is readily available on'ils physical proper-
ties. It does not have high tensile strength, but it does aid

in increasing panel stiffness as indicated by initial beam load-
deflection tests. The true value of fir plywood as a backup
face matzrial can be determined only on a full-gize prototype
where the effect of the plywood on panel stiffness and its other
desirable effects can be fully evaluated. One such desirable
effect might be stabilization of the aluminum face. I the
aluminam tends to work and elongate when passing over the
conveyors under load, fir plywood bonded to the aluminuem
with a thermosetting adhesive might help to reduce the elong-
ation. The structural advantages of such a 5-ply laminate
would have to be carefully weighed against the increased cost
and weight of such a construction and it does not appear pro-
mising at the present time.

Birch plywood is not used widely for structural purposes;

- it is used primarily as a decorative material and structural
properties are not controlled or specified as well as they are
with fir plywood. The birch plywood might be used in the

S — same manner as the fir plywood. but it is not as desirable
due to the lower degree of quality control.

Recommended Facing Material

7075=T6 aluminum alloy has been selected for the facing
material on the basis of its excellent strength, weight and
- cost relationships.
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Integral Core and Facing Matervial

Figures 4a and 4b illustrats two types of aluminurn extru~
sion proposzed for pallet construction.

Figure 42 has excellent undirectional strength character-

istics. The logistics pallet, however, requires a siruciure

o T e o with bi-directivnat-streagth properties, {refipage 32
Therefore this section has beeu sliminated because of non~

' applicability.

Figure 4b illustrates & much improved section of an
aluminum extrusion. The diagonally oriented wobs pro-
vide a truss-like structurs capable of transmitting shear
forces laterally and longitudinally. The thicknesses of
the {lange and web portions of the extrusion have been de-
signed from the anticipated loadings on the Universal
Platiorm. 6061-T6 material has been selected because
of its good extrudability, To achieve maximum reuse~
ability via minimizing structural deformation that may
oecur durzing the severe random ground impacting of

the LAPES platform, the allowable caleulated stress
level has been limited to 18,000 psi. This assumed
allowoble stress provides a 50% margin of safety be-
tween the anticipated aciual stresses axd the propor-
tiomal Limit of 6061-T6.

An aleminam extrusion, similar to this, is now being

“evaluated gnder another ALY Fource comiract. Scheduled
air-drop with the next few months will indicate its adapt-
abiliity for low level air delivery missions. Its weight of
5.38 pounds per foot eliminates it from cousideration
when attempting to incorperate this design into a light
weight logistics pallet.

Composite Structure

A large number of composite structures have been made
up and tested using virtvally all combinations of facing

and skin materials that have been described in this report.
As was previously noled, the tests on these pancls indicate
that the most promising structures bassed on materials that
are now coramercially available consist of impregnated -
paper honeycomb core and 7075-T6 aluminum faces. The
teat resultes for the various constructions are shown in
Table 7C. The following paragraphs of this seciion describe
the test procedures and the test results for each specimen.
Table VI gives some comparative cost and weight data on
honeycomb and balsa sandwich constructions.
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TABLE VI
COST AND WRIGHT DATA ON BALSA AND PAPER HONEYCOMB
CONSTRUCTIONS 4

i

B Core Face Wt/8q. ¥t Cost/sq ft {Core & Face only)
1. Balsa .080-inch 7075-T6 Al  3.73 lbs, $2.03

1

2. 99/3/8/25 Hexcel 080~inch 7T075-T56 al 2.93 ibs, 1.58 1
paper honeycomb 12
3. Balea .050-inch 7075-T6 Al  2.94 lbs. 1.80

4. 99/3/8/25 Hexcel 2
paper honeycomb 050-inch T075-T6 Al 2.11 lbs, 1.40 ‘:

i3

5. Union~-Camp i
80/1/2/18 paper
honeycomb filled . i

with 1.5 1b ure-

thane foam .050=~inch 7075-T6 Al 2.44 1bs. 1.70 iE

6. 99/5/16/25 Hexcel . i
paper honeycomb .080<inch 7075-T6 Al 2.93 ibs, 1.64 -

7 Style 12535 type ..
20 Douglas Air- : A

comd LO80<inch T075-T6 41 2.88 lbs, 1.68
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Punicture Test

in this test & 1 square inch pressuvre foot is pressed against
the panel. The specifications require that after a 750-1b.
loading has been applied with the 1 square inch pressure
foot, the permanent defiection does not exceed .010 inch.
In addition to the 750-1b, load, Arthur D. Little, Inc. also
tested a number of panels to destruction using this procedure
by increasing the load until the skin punctured or extensive
sore crushing occurred. Force and deflection at yield and
permanent deflection after removal of the load were noted.

g In some cases loading was continued beyond yield to assure
i that there was no second load peak. In some of these cases

IS the permanent deflection noted was higher than the deflection
at yield. The test fixture used for the puncture test is shown
in Figure 5.

ROLLER-RESISTANCE TEST

In this test the specimen panel was placed between Z sets
) of conveyor rollers. Force was then applied to the lower
- get of rollers through two large coil springs. The coil
springs were necessary to allow the panel to be moved
back and forth between the rollers under a constant load.
Arthur D. Little, Inc. found that unless the springs were
used, substantial variations in the load cccurred due to
small variations in panel thickness. The standard loading
used in this test was 1,000 1bs. on the two rolle¥s. This
e Yoading simulates a 10,000 1b. load onthe pallet. Inthe
test measurement was made of the force reguired to move i
the panel beiween the rollers. The panel was then moved
hack ard forth 100 times and a second reading of force re-
quired to move the panel and surface deflection of the panel
was maade. This test was used as an indication of the roller
- fatigue characteristics of the sandwich coanstruction. The
- test fixture is shown in Figure 6.

ROLLER-INDENTATION TEST

This test was used to determine whether the 50,000-1b.
loading specified in the Statement of Work would cause any
permanent deformation of the panel which would prevent
easy movement of the pasel with a 10,000 1b lcad. A

two roller section of conveyor was pressed against a panel
with a 5,000 ib. load to simulate 50,000 1bs. on the entire
pallet. The indeatation and permanent deformation caused
by the rollers was observed. The test set-up is shown in
Pigure 7.
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FIGURE| 5 PUNCTURE TEST PIXTURE
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Static-Bending and Deflection

Full scale beam deflection tests were not run as a part of
this phase of the program. Attempis were mads 1o rus
some beam strength tests using short beam sections 12
inches long by 4 inches wide. Because of the short span
csed, most of these tests produced core failure. There
are some unexplained inconsistencies in the results, but
general comparisons can be made. The test fixture is

shown in Figure 8.

I
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Compression Tests

Thess tests were conducted primarily o obtain some ¢om~

parative results in showing the effect of liquid water on the

various core materials. The tests were conducted on two

jinch square panel specimens. Water exposure was simulated

by actually immersing these testing specitnens in water over-
. night and then testing them in compression. This is an un-

e aBually sovere test because it exposes a very large surface

area of the core to water arcund the eatire periphery of the

2 inch square, In the event of water leakage inic a panel

due to puncture of the facing material, or leakage along an

edge, the water would be initlally confined to those cells

directly exposed to the leak or puncture. and the water

would permeate only slowly into other cells.
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TEST RESULTS
Specimen Number 15

The sample was composed of 99/ 3/8 /25 Hexeel honey-
comb and skins of .063-inch 6061-T6 and .080-inch 7075-T6
aluminum bonded to the core with an epoxy-Versamid sdhes-
ive. The 750-psi deflection test produced no permanent de-
formation on either face. The penetration test to destruction
showed 1160 psai for the .063-inch skin and 900 psi for the
.080+~inch skin. This discrepancy might be accounted for by
several causes. The most probably cause is excess epoxy
adhesive which ran down the core and stiffened the area where
the . 063=inch skinwas tested. - In the roller resistance test —— — ————————
at 1000-1b. loading, no deflections were noted, and force re~
quired was 4 « 6 Ibs. Very little deflection was noted on the
5300-1b. roller indentation tesi with no permanent deflection.
The beam-bending test showed good strength with low deflec~
tion. ¥ailure occurred only in the core. The compressive-
strength test was approximately 300 psi dry, uvt enly 28%
of the strength was retained in the wet tests.

Specimen Number 16

This sample was similar to 15 except that 80/ 3/8 /18
honeycomb was used in place of the 99/ 3/8 /25. The re-
sults with this honeycomb were surprisingly good. How-
ever, Arthar D, Little, Inc. encountered considerable
difficulty with the epoxy-~ Versamid adhesive, which was
not sufficiently thixotropic, running down the cell walls.,
This adhesive undoubtedly strengthened the honeycumb
above its normal level so that it compared favorably with
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specimen 15 in all tests except the 5,000-1b, roller indenta-
tion test where there was a very measurable permanent de-

flection. Again, high strength loss was noted in the wet com~
pression test,

Specimen Number 17

This speclmen consisted of the 99/ 3/8 /25 Hexcel honey-
comb with a one-fourth inch fir plywood and .032-inch 6061-T6
e aluminum sking bonded with epoxy-Versamid adhesive. This

& ness. However, permanent deformation was noted in both the
- roller resistance and indentation tests.

Specimen Number I8

This panel consisted of a balsa core with polyester-glass
skins laid up on the balsa. All test results were high with
this panel. It is interesting to note that the balsa appavently
gained a little strength in the wet compression test.

Specimen Number 19

This panel consisted of 80/ 3/8 /18 Hexcel honeycomb
with polyester-glass faces laid up in place. This specimen
proved completely unstaisfiactory in the roller resistance
and indentation tests.

Specimen Number 20

This specimen was a 6-1b. urethane foam faced with polyes~

tests were rather high and delamination of the skin occurred
in the roller resistance test. A relatively high strength reten-
tion {85%) was noted in the wet compression test.

Specimen Numbez 21

Tais panel consisted of 99/ 3/8 /25 Hexcel honeycomb
with 1/8=-inch paper Micarta skins bonded with epoxy~-Versamid
adhesive. The test results are uniformly good, but calculations
show that the tensile strength of the skins would be inadequate
under the 9 G forward restraint loading.

Specimen Number 22

This panel consisted of 6-1b. urethane foam with pelyester
skins, and is senerally comparable to panel 20.

@
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ter-iiber glass skins laid up on the foam: Deflectionsimall —— —
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Specirmen Number 23

This specimen was made with 80/ 1/2 /18 Union-Camp
honeycombd with polyester-glass skins laid up in place.
This specimen proved unsatisfactory in the roller resist-
~-——ancs-and-indentation teets . The pansl alsopointed wp
the problem of quality control. with the polyester skins,
even on a test basis. In one portion, the panel satisfac~
torily passed the 750-psi defleetion test while in ancther
area of the panel a yield point was noted at 330-1b, load-
ing, and a permanent deflection resulted,

Sl e
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Specimen Number 24

This specimen was made with 80/ 1/2 /18 Union-Camp
honeycomb filled with a 1.5 1b urethane foam with poly-
ester-fiber glass sking lajid up in place. This panel show~

ed unsatisfactory deformation in the roller indentation
test.

Specimen Number 25

This specimen was made with 80/ 1/2 /18 Undon-Camp
honeycomb filled with 1.5 1b urethane foam with .063-
inch 6061-T6 and ,080~inch 7075-T6 sluminum skins
- bonded on with epoxy~Versamid adhesive, These test

T TRty were genegrally satisfactory with the exception———-
of the slightly high permanent deflection sustained in
the roller indemntation test. The high dry and wet com~
pressive strengths of the panel are notable., The use
of the urethane foam increased the dry compressive

streugth more than 100%, and the loss in the wet test
was only 15%.

. Speclmen Number 26

This specimen was masde with 80/ 1/2 /18 Union-Camp
honeycomb filled with 1.5 1b urethane foam. The faces
were 1/8~-inch paper Micarta bonded on with an epoxy-Ver-
samid adhesive. The test resulis in this panel were generally

favorable except for the 5,000-1b roller indentation test in

whick the sample failed due to non-uniform foaming into the
core on one end of the panel.
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Specimen Numbey 27

This panel was made with 99/ 5/16 /25 Hexcel honeycomb
with 1/8-inch paper Micarta faces bonded with epoxy-Versamid
adhesive. The test results on this specimen weres unifoxmly

. .
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Specimen Number 28

This panel was made with 99/ 5/16 /25 Hexcel honeycomb
with .063-inch 6061-T6 and ,080~inch 7075-T6 alurninum skins
bonded with epoxy-~Versarmnid adhesive. These test results are
generally very favorable with the exception of the subgtantial
strength reduction that ccocurred in the wet compressive-strength
tests. Strength retention was only 27%.

Specimen Number 30

‘This panel was made with Douglas Aircomb Style 140 <35
type 20 with .063~inch 6061-T6 and ,080-inch 70758-T6 aluminum
skins bonded with epoxy-Versamid adhesive. The test results
on this panel were generally good except in the static-bending
test where a faulty bond on one of the skins caused poor results.
The very high dry compressive streangth of 580 psi is noteworthy.
However, the retention on wet test was only 28%.

Spnecimen Number 31
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This specimen was made with 99/ 3/8 /25 Hexcel honey~
comb with .063-inch 7075-T6 aluminur skins bonded with
epoxy-Versamid adhesive. These resulis were uniformly
good except for the static-bending tests where low strength
was recorded apparently due to poor bond and excessive
drainage of adhesive {rom the upper skin.

Specimen Number 32

This panel was made with 99/ 3/8 /25 Hexcel honey-
comb with .050~inch 7075-T6 aluminura skins boanded with
epoxy-Versamid adhesive, The test results were very
good. The static-bending results were slightly low, but
again, some bond failure due to excessive adhesive drain-
age was noted.

Specimen Number 33

This panel was made with 99/ 3/8 /25 Hexcel honeycomb
with .063-inch and .050=-inch 7075-T6 aluminum skins bonded
with Plicbond contact mement. An inadequate bond was develop-
ed with this particular contact cement, and the test resulis were
generally unsatisfactory.
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Specimen Number 34

This spscimen was made with Douglas Alrcomb and was
iﬁentieai to specimen number 30. This duplicate was pre~
pared in order to oblain a bheiter bond and a better evalua-

SR
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tion of the static-bending @aracsemstms . The hxghvbendmg
sirength is usteworthy.

Controel Specimen

This panel was maade by Brooks & Perkine, Inc. with
balsa core and aluminum skins to simulate the construction
of the currently used 463L pallets and modular airdrop plat-

forms. The uniformly high test results are generally super-
ior to any of the other panels.
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SECTION VI
UNIVERSAL PLATFORM BESCRIPTION

! Primary emphasis was placed throughout the study on
| the development of a single sized module o comply with
T T parvagraph 4.9 of ASNLM Exhibit 636 whichsays in
f part - YA modules must be the same size?,

Compliance with that requirerment limits the choice of
module sizes to 44 x 54, 54 x 88, 44 x 108, or 88 x 1084,
The ratings of each of these sizes wae discussed in detail
in Section V. Sketch Modules A, B, C, and D on which
the cost and weight data in Section V was based are shown
in figures, 9, 10, 11, 12 and 13. The 44" x 108" module
is the most desirable size when we limit the selection to
anly one size.

Figure 9 illustxates the four {4) 44 x 54" modules
assembled into an 88" x 108" lugistics pallet. Each
module consisis of aluminum alioy extruded edge mem-
bers, paper honeycomb cores, and aluminum alloy skins
all bonded and safety-riveted into an integral unit. Two
adjacent edges are male configuration; the other iwo edges
are female. The panels may be reversed - top $o bottom.,
Female and male edge members, each 88" x 108" long
are noiched to correspond to the indent configuration of
the 463%L pallet. Cargo restraint tie-down rings, 10,000
pound capacity, are a part of the peripheral edge sub-~
assembly. Six rings are located to correspond to the
hooks and keepers on the cargo restraint device described
in Section X. The four modules, two 88" long edge sub-~
assernblies and two 108" long sub-assemblies are tongue
and grooved together and pinned securely with a series '
of roll-pins or similar locking hardware.

el Gk
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This 44" x 54" module size has been rejected because of -

a. Excessive structural weight.

b, Excessive number of different extrusion configurations
{male and fernale} and lengths {54%, 88", 108" and
multiples of 44" - of edge members necessary to adapt
this small module into half-size logistics, full-size
logistica, and various lengths of air~drop platforms.
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¢, Inherent weakness inducted by having both long-
itudinal and lateral jeints.

High preduction costs.
Figure 1@: itustrates twa 54" x 83“ &dﬂés assembie&

pallet. Exeepz for the sixe of the ’naszf;: madule the éﬁsxgn -
is basically the same as for the 54" 2 44" module. Two

adjacent e&ges of the module would have male edges; the

other two edges female. Male and female edge sub-assemblies,

88" x 108" long, are required to adapt the module edge to

the 4631 restraint rail configuration. Adaption of the 54"

x 88" modgle into an air-drop platiorm 108" wide requires

a family of longitudinal edge sub-assemblies in multiples

of 88% long.

PRSI T
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This 54" x 88" module has been rejected because of -
a. Excessive structural weight.

b. Excessive nwmber of male and ferale edge members
2 that must be furnished in 108" and multiples of §8%.

= ¢, Inherent weakuess induced by having the longitudinal
: joing at the maximum bending stress point o f the pallst.

N T &, Highproductioncosts.—— -

e. Excessive cubage loss in the aircraft when air-drop
platform lengths vary in increments of 88",

i Figure 12 illustrates an 88" x 108" module with separate
j edge members. All four sides of the module have a female
: edge member. Both the 88" and 108" long edge members
are of the male configuration and are furnished complete
with tie-down rings. This modular panel is alsc reversible.
l A family of longitudinal edge members, in increments of 88¢
| could be provided to adapt this module to 108" wide air-drop
% - platforms.
1
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This 88" x 108" module has been rejected because of ~
a. Excessive structural weight.
b. Excessive cubage lose in the aircraft when the

gir-drep piatform lengths vary in increments of
3“ &

¢, Limited ground mobility and handling cave.

Figure 11 illustrates the one module size Universal
Platform. Two modular panels {Nominally 44" x 88"},
two identical 88% long edge member sub-assembly com~
plete with tie-down rings, one each male and {females
108" long edge member sub-assembly, and an appro -
priate nurmnber of roll-pin type pins join inte a full size
88% x 108" logistics pallet, Each of the panels may be
reversible.

Each panel has .063 7075-T6 aluminum zlloy sheet
bonded to 99/ 3/8 /25 resin impregnated paper honsy-
comb core and 6061-T6 aluminum alloy extruded edge
members. One of the 108" long edges is male config-
uration; the other three edges ave female. The tongue
and groove matching of the 108" long sides reacts the
shear and bending moment forces which occur at mid-
open of the assembled platform. Pins, located approx-
imately six inches apart react the tension forces at the
Soint.,

e ek
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Each of the edge member assemblies, extruded from
6061-T6 aluminum alloy material, and notched to comply
with the standard 4631 pallet edge configuration, includes
six {6) 10,000 pound capacity tie-down rings. The rings
are located to correspond to the hook spacing of the cargo
regtraint device. Bending moments and shear forces be-
tween the edge members and panels are reacted by fit of
the mating members.

Air drop platforms, 108" wide, may be assembled by
joining the 44" x 108" module with a family longitudinal
edge members varying in length by44 inches. Platform
lengths of 82%, 123", 164%, 205%, 246", and 287 inches
iong may be made. 10,000 pound capacity tie-down rings
may be spaced at 10 inch or & inch increments.
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Although the 44" x 108 inch module would comply the stated
objectiven of the Universal Platform Statement of Work, the
estimated costs and weights of both the logistics and air-drop
configurations would be substantially greatér than the present
costs of the pallets snd rmodules now in service.
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SECTION VII

CAPABILITIES AND LIMITATIONS
CF THE SINGLE SIZED UNIVERSAL MODULE

The 44" x 108" module, when assembled with appropriate

would coraply with the stated objective of ASNLM Exhibit

63-6, Although the pallet weight (385 1bs. vs. 290 1bs.)

:,_j edging and joind members ioto a full size 88" x 108" pallet,

and cost ($309 vs $250) would be greater than the curvent
6/E pallet, the 44" x 108" module would:

Z. Be the lowest production cost ifem consistant
- . with the designed test requirements of the
' Statement of Work.
B b. Be resistant to deterioration when exposed to
world-wide climatic conditions.
<. Be easy to assemble in the field because of
a minimum number of parts and ability to be
asgermbled with simple hand tools.
d. Have stuuctural continuity to enhance its
reuseabillity.
N B e, Be capable of transporting general cargo and
- air~drop platiorms.,
£. Be compatible with existing 4631 ground and
aircraft equipment.
g Be resistant to in-service operational handling.
k. Be capable of withstanding 9'Gs forward loading
of 10,000" on an 88" x 108" logistics pallet.
i. Have top-to-bottom reversability.
Js Be one size only.
k. Have no unrecognizable orientation features.
1. Be asgembledinto a full size 88 x 108~inch
logistics pallet.
mS

Be assembled into 108" wide airdrop plat-
forms greater than Z8' long.

- T8 -
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n. Is only 2 1/4 inches thick,

O, Megis the performance criteris specified in paragraph
4.4 of the Exhibit 63-6,

P Uses currently produced materials fabricated by 1
standard production processes,

However,; the module is not truly a universal module for
military air cargo. The 88" x 54" pallets vsed for TAC
rmobility supplies and LOGAIR cannot be assembled from
the module. The only reasonable size providing true
aniversality 1s the 44' x B4 gize, rejected for inherently
poor sirength, high weight, high cost, and design camyiexit?.

Furthermeore, no improvement in the gompatzbility of plata
forms with the entire logistic system is expected. The 108%
% 44" module size canuot be carried by the preponderance
of wheeled vehicles that may be available in drop zones.

The estimated weight and the production costs of this
Universal Platiorm module reveals the wezght and cost

- increase that results when z single module is developed
to fulfill both the logistics and sir~drop misasions.

g
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WEIGHT COST
Present 88" x 148" Pallet 2904 $250

2= 449 x 108" modules joined
to make 1 - B8 % 108" FPalles 3758 . 5387

Present modular airdrop plat~
form ~ 12 ! long {3 modules} 5194 » $3b65
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3 - 44' x 108" modules joined
into platform 107 long 5684 ' $424

For more detailed cost and weight information on other
module sizes and airdrop platform lengths, see Appendix VII.

A preliminary costfeffactiveness comparison of the Universal
Platform concept and currently used logistics and modular
air~drop platform system reveals the primary disadvantage
of the single-sized module concept. Although the cost of

the Universal Platform modules would be much greater

than the currently used platform, the performance of the
*assembled logistics and/or air-drop platform would be
substantiately equivalent to items now in service. The
advantage of processing a single size module would not

~ compensate for the increased production costs of the

item.

An ohjective review of the contract requirements and

BRELY-d |-, (e R

the data obtained during the field survey indicates that
the total cost of the cargo carrying pallets may be re~
duced if the contractor deviated slightly from the defin-
itive Work Statement, to allow two module sizes. Advan-
tages of eliminating the one~modale require-nent are
discussed in the following section.
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SECTION IX

CAPABILITIES AND LIMITATIONS OF THE
TWO SIZE MODULE UNIVERSAL PLATFORM SYSTEM

Two size module systems for sir-drop platforms are shown

in Figure 15 and 1 They consist basically of an 88" x 108"
module plus adde-on meduies of 48" x 108" with separate side
rails or 50" x 108" module with integral side rail members.

e The air-drop platform system as shown in Figure 25 consista
of:

i, A large maodule 88" x 108%,

2. One or more smalier modules 48" x 108",
3. Side rail extrusion in lengthe of 7, 11, 15,
- 19, 23 and 27 {t. according to length of plat~
form,
4. A supply of spring pins.

The 88" x 108" module is the same as that shown in Figure
1Z2. It consists of sandwich panel with a female type extru-
sion section sdge mernber on all four sides. The 489 x 108"
module hag the same female extrusion on the two sides and
one edge. The other edge member is a male extrusion sec»
tion. To assemble a platform the small module is inserted
into the edge member on the large module. Spring type
retainer pins are used to secure the connections. Separate

~Aw~—g~—g—~—szdexml£xtxusmmtj}emd to_obtain the vertical re~
straint capability. Platform lengths of 7, 11, 15, 19, 23
and 27 ft. may be obtained in this manner.

Figure 16 shows an alternate system in which the side
extrusion members with the restraint lip are integral with

‘ the panel comstruction. The platforms are made up in the

i same manner as described above, with the exception that
the side rails do not have to be added. The advantages of
thisz systexn over the previcus system is that with the side
rails integral no additional rails have to be stocked and
field assembly is made considerably easier,
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This two size module concept does not comply with the
stated objectives of a one size module of the siatement of
work, however, it does allow more universality in that
the large module {88% x 108") is used for both the logis-
tics pallet and the air~drop platform. As shown in
Appendix I the basic 88" x 108" module will take care of
approzimately one third of ail the Army equipment lead-
ing requirements as opposed {0 approximaiely 50% for
the preseat & ft. air-drop platiorm. The cost and weight
comparison is:

SOST WEICHT
88 x 108" air-drop platform 284 368
Separate Side Rails

SHERE A R s = K o chs BIESEOR

i

| 88" x 108" air-drop platform 2m 344
Integral Side Rails

s x
[

g het T

Present 8 Ft. Modular air~ 244 346
drop platiorm

i ‘t:‘.‘-‘r“"}_“ H

The two szize module platform system:

; - Is the lowest cost system that incorporates
some universality. '

b, Is the most feasible from the standpoint of
providing a universal platform system.

¢,  Will mset all the loading requirements for
S logistics and air-drop missions.

d, Incorporates & reversibls panel design,
with the separate side rails,

e, Provides the most structural continuity.
i, Is casy to assembls in the field because

of a minimum numeber of parts and ability
to be assembled with simple hand tools.

_ g Is capable of withstanding the 9'G forwazd
loading requirement for the 88" x 108"
logistics pallet.

- 82 -
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h. Uses currently produced materials {abricated
by standard production processes. These
materials are resistant to deterioration when
exposad to world-wide climatic conditions.

i. Meets the performance criteria spacified in
paragraph 4.4 of the Exhibit 63-6.

SV

3. Is compatible with existing 4631L ground and
aireraft equipmnent.

However, the modale is not truly a universal module for
military air cargo. The 88" x 54" pallets used for TAC
mobility supplies and LOGAIR cannot be assembled from
this sysiem.

o BRI ol 0 F 1) bl b

e e

Furthermore, no improvement in the compatibility of
platforms with the entire logistics gystemn is expected.

The estimated weight and the production costs of this
Universal Platiorm module reveal: the weight and cost
increase that resulis when a single module is developed
to fulfill both the logistics and air~drop missions.

e T
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SECTINN X
CHARACTERISTICS OF THE RECOMMENDED PLATFORM

Paragraph 3z of the Statement of Work, ASNLM Exhibit

63~b6 states in part "The contractor shall conduct an engineer-
ing study » = = = = to ascertain an optimum design of universal
platform (8) = -~ = = =,V

: An optimum design is generally recognized to mean the

: achievement of maximum performance with 3 minimum of
expense., The one-sgized module, 44" x 108" described in
Section XIII complies with nearly all the specifically de-~
fined requirements of the Statement of Work, but the per=~
formance of the assembled platforms would not be signi-
ficantly greater than the currently used platforms. As
a raatter of fact, the consolidation of the logistics and
air-drop platform into one "universal' platform would
probably have a determental sifect on the platform per-
formance.

Throughout the study, the conflicting design requirements

of the logistics and the airdrop platforms were compromised
— . _to develop the universal platform. After formulation of the

44" x 108" module, study efiorts were redirected toward

achieving an improved logistics platform and an improved

air-drop platform,

LOGISTICS PALLET
Wrat features should the logistics pallet have?

Information obtained during the field survey if user re-
quirements reveal the predominent use of the full size,
88" x 108-inch pallet. There is very little need for the
half size, 54" x 88" pallet. Although there may be a
limited need for the smaller size, the design of an opti-
mum logistics pallet should be based on the 88" x 108"
standard,
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The field survey also indicated that the present 463L pallets
have 3 useful life of about 100 ¢trips - and each trip averages
6000 miles. Primary calculations of ths air {reight cost

of transporting the curvent 88" x 108" 463L pallet averages
39 dollzrs por trip! This cost iz almoest twenty {20} times
greater than the amortized ;&w&uctian coot of the pallst.

Bee appendix III for more &et&ﬂeﬁ cizcussion of the trans~
poriaiion cosis,

A light weight logistics pallet should be developed to reduce
these excessive transportation gost. A fifty pound weight
reduction in the 463L pallet would provide savings of
approximately four hundred thousand dollars per year. i

Initial studies of production and transportation cosis,
weight, and pallet life expectancy indicates that the op-
timum logistics pallet would be light weight, marginal
strength, and limited useful life. Determination of this
optimum design, however, is beyond the scope of current
Statement of Work, {About seven {7} pounds would be re-
moved from the 4631 pallet weight if the thickness of the
pallet could be increased from 2 1/4 x 2 3/4-inches. )
The potential cost savings which would be derived from

the results of such a study would amount to several mﬂh@n
dollars.

The logistics pallet should -

a. Be 88" x 108" panel (one size only.}
b. Be of minimum weight.
. Coraply with all other requirements specified

in the Statement of Work, ASNLM Exhibit 63«6,

The logistics pallet described elsewhere in this section has
been designed to incorporate these features.

57000 pallet - trips per year x 50 pound weight savings

per pallet x 0.1345 dollars per pound per trip » 385,000
dollars.

A ﬂm@g%mm%mmﬁwmmwwmtmutwmmwwwwu LR
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AIR-DROP PLATFORM

What features should the air-drop platform have?
Froi the fleld survey it was determined -

1. Plagform width should he 108V,

2. Modular panel concept has been satisfaciorys

3. The number of different parts to be carried in
inventory, vnd excessive disassembly time are
two deficiencies of the current modular platform
system.

4.  Currently used platforms do not have sufficient
reuseability .

5. . Platlorm damagé cccurs at the "strese riser!
locations of the modular assembly,

6. LAPES imposes a wide range of random loading
conditions on the air-drop platform during ground
impact.

The addition of the low.level air delivery capabilitises to
the contractural performance requirements of the air-drop
platform bas accentuated the fundamental differences of the
iogistics and air-drop platform.

Establishment of an optimum weight, cost, reuseability
parsmaeter for the design of the air-drop platform defies
solution because of the near uncontrollable conditions

at ground impact. A review of slow motion film cover-
age of LAPES operations and a study of APGC-TR-64-61
report, “Evaluation of C-130 Aircraft low altitude para-
chute extraction system “prepared by APGC, Eglin AFB,
shows the critical relationship between the loaded plat-
form CG. and the direction of the extraction force.
Excerpts of APGC-TR~64-61 are presented in appendix
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The recommended air-drop platform should -

W Bt PR e

a. Maximize the utilization of aireraft cavgo space.

b, Have restraint Lip integral with the module.

c. Have interlocking lateral edges of the module 50 that
the joint will have stiffness and strength characteriastics

approximately equivalent to the basic module.

S B R U b RSB B SR A

d. Should be easily repairable.
e. Should have a minimum of different inventory items.

£, Should provide for cargo tie-downs on all four edges
of the assenbled platform. '

g. Should be so designed that the probable stress level
of the structural elements of the module will not exceed
the proportional limit of the material.

h. Comply with all other non-~conflicting requirements
of ASNLM Exhibit 63-6.

A

The air-drop platform module and assembly described else- 4
where in this section has been designed to incorporate all of i
these features. :

Deviation from the ope-module limitation provides-the
military with & substantially lower cost logistics pallet
and with an air-drop platform having increased reuseability.

LOGISTICS PALLET DESCRIPTION

Figure 19 illustrates the logistics pallet reconumended :
to comply to the ¢bjectives of the Staterment of Work. A
casual glance of the drawing indicates similarity with the
HCU-6/E pallet now in production. Differences occur how-
ever in core material, skin thickness and alloy, aurmnber

of tie~down rings and corner construction. The calculated
weight of 240 pounds is substartially lower than the 290
pound weight of the present 6/E pallet.

The core material is resin-impregnated paper honeycomb
weighing approximately four pounds per cubic foot. Final
specification of density, paper weight, cell size, and degree
of impregnation will be established following additional labora-
tory testing of core-facing combinations.

iy o
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The facing material is .063 7075.T6. Stress analysis of

the 2 1/4 thick pallet, subjected to a 90,000 pound forward
loading condition, requires minimum of this much material.
Laboratory tesis of 063 T075-T6 skins bunded o appropriate
density of resin-impregnated paper honeycomb, will success-
fully pass the 750 psi puncture test requiremaent.

The resiraint lip of the peripherial edge members is shaped
to be more resistant to in-service opsration and handling.

R

6061-T6 aluminum alloy has been selected because of its
good coat, strength, and extrudability properties. Indenta-~
tions at 10-inch spacing conform to the 4631 System require-
ments.

Improved structural continuity of the corners of the pallet
is obtained by incorporation of an "1 shaped splice bracket
shown in Figure 19, This bracket is designed to minimize
one of the primary causes of pallet damage and scrapage -
i.e. breakage at the mitered joint of the adjacent edge
members,

Standard epoxy resinsg and anti-peel rivets join the strug-
tural components into an integral 88" x 108" logistics panel.

Six 10,0004 capacity tie-down rings are installed along each
of the four edges. The rings at the corners are expected to
be loaded to near capacity during the 9 G test condition.

The other rings will be subjected to loads of only 6,0004,

4,0004 or even less. For xeplacement purposes, however,

and to avoid the pessibility of inadvert mis-located ring, it
wasg decided to make all rings the full 10,000# capacity.
Location of the rings was developed concurrent with the
development of the 9 G, 10,000# capacity cargo restraiat.

This pallet provides the following benefits:

1. Improved sdge members and the reinforced
corner construction will reduce the pallet
damage and replacement rate,

2. Axn improved cargo restraint and paliet inter-
face provides a 9 G static {orward loading capability
ot attainable in the 6/E palleis currently in service.

3. The reduced weight results in a potential transpor-
tation cost savings of several hundred thousands of
dollars per year.
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————— 3, Be applied to the load with minivaurn preparation. —_—

CARGO RESTRAINT DEVICE

ASNLM Exhibit 63-6 specifies the carge restraint device
shall:

1. Restrain miscellaneous cargo during ground
handling and flight operations.

FA Be readily used by personnel with little training.

e
£
s

R

¥

4. Have recognizable orientation features.
B, Be degigned for manual application.

In addition, the preliminary stress analysis of the logistics
pallet indicated that the distribution of the restraint forces
must be directed toward the outboard edge of the pallet. A
device with a uniform distribution of restraint would introduce
vprohibitive berniding forces on the aft edgé of the pallet during
the 9 G forward static load condition.

Material Selection

A wide range of metallic and non-metallic materials have been

examined and evaluated for their attribuies in a variety of basic
characteristics, These characteristics are swumarized below
in their order of relative importance.

a. Strength Weight Ratio.

o4
&
et
-
B
P ’
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a. Degradation due 0 exposure to Ultra-viclet light.
c, Resistance to &f‘uxnidity.

d. Abrasion Resistance

e, Degradation due to exposure to heat.

f, Resistance to Corrosive Atmosphere.

g Etiffness.

- 94 -
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While not a condition of the Statement of Work, it was
believed advisable to study the energy absorption char-
acteristics of the varicus material selected. Comparative
information on Nylon, Dacron and Steel have baen compiled.
This comparison showed Nylon to be superior to this regard.

The following materials were evaluated during the study -

—Brooks & PuoNs - R

i. Bynthetic Fibers
Rayon {(Viscose) Acetate
Polyurethane {Iycra) Nylon 6,6
Polyester {Dacron) Nyloa 6
. Polyethylene Acrvlic
- Polypropylene {orlon) {Acrilan) {Creslan)
- Modacrylic {Dynel} Saran
- Flurccarbon {Teilon) Glacs Fiber
2. Natural Fibers
Cotton
Manila
Linen
o Hemnp
3. Metal Strand and Rod
: : Steel

No other metal was considered because of the
. economic factor.

Tension members are the most satisfactory means of load
transfer through the restraint device into the platiorm.

The ability of the material to be fabricated into a tension
member is also considered of prime importance.

Ewvaluation of zall of these characteristics -indicated that
' the following materials in the raw form noted were worthy
of consideration for use in the restraint system.

Steel - Strand, Rod, Strap
Glass - Multifilament
Polyvester - Multifilament
Nylen - Multifilament
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Of the foregoing, all of the materials could cconomically
be produced in forms adaptable to known and proven manu-
facturing techniques. Steel can be utilized in the form of
stranded cable or chala. Glass iibex, polyestsr and nylon
are best utilized in the form of webbing or rope.

While all of these materials can be fabricated into tension
members, another characterisiic of prime consideration is
the stiffiness of the basic fibers or strands. Glass fiber has
a stiffness s0 great that processing from single filament into

- multifilament yaro reduces theinitisl-filarment strength by
one~half. Purther processing produces continual reduction.
In addition internal fiber abrasion caused by continual flex-
ing while in use will significantly reduce the strangth.

Introduction of gripping and attachment mechanisms to the
finighed member greatly impair the load carryiog capability.

A recently developed material which shows potential promise
as a restraint device material is filament stainless steel that
migh conceivably be fabricated into rope or webbing. While
this material can be produced in the raw filament, very littie
information regarding manuvfacturing technigues is available.
Since the development of new manufacturing techniques for

basic materials is beyond the scope of this project, no re- »
cormmmendation is maade to incorporate this material into the
restraint at this point, It is believed that further information
regarding the adaptability of stecl filament as a tension medium
should, however, be pursued,

Combinations of material have also been considered as pogsi~
bilities for tension members. (Gene¥Elly it can be said that
when tensile strength is the primary atrength requirement,
the introduction of materials inferior to the basic material
will reduce the overall strength weight ratio. In the case of
glass fiber, where the strength of the basic fibex is so high,
a combination which would correct the atiff ness objection
seemed worthy of examination., Discussions with several
web manufacturers indicated that a combination of glass - 2 S
fiber and teflon or polypropylene gould be produced, but
the cost would be relatively high, It was also doubtful %
that a combination would overcome the strengtih reductions 3
. occasioned by the application of gripping and attachment .
mechanisms, since the only way of transferring load is
dirsctly from the gripping mechanism into the glass fiber.
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When considering webbing as the tension member, it must
be remembered that the fibers which carry the load are
oriented generally parallel to the web length., A close
balance must be maintained between the cross fibers and
the longitudinal fibers, and in some circumstances greater
tenzile strength can be obtained by addition of cross fibers
{filler} of different material than the basic fiber. A case
in point would be the addition of nylon as a filler to certain
cotton webbings. This is not, however, true in the case of
addition of cotton filler to nylon webbing.

e Combinations were also considered for shielding Nylonand— ——— -
Dacron from ultra-violet light. An exterior cover of cotton :

would materially reduce degradation due to ultra-violet. When

different fibers are used as a cover, elongation ratings of the

fibers of the cover materials and the structural material must

be similar. This qualification is not true in the case of Cotton

and Nylon or Dacreon, and the Cotton cover would separate long

before the Nylon or Dacron reached its ultirate capacity. This

iz also true of Polypropylene and Creslan. Teflon has desirable

eclongation and light resistant characteristics, however, it would

not be economically feasible because of the high cost of raw mat~

erial.

It should be noted that additional thickness of Nylon and Dacron
can also provide protection to the innexr fibers as shown by the
comparison of exposure of yarn and exposure of webbing in
sunlight.

I a period of one yvear continual exposure were selected as the
criteria for light vesistance, then approximately thirty percent
more Nylon would be needed to provide desired capacity at the
end of the period. Dacron would reguire an additional eight
percent of material to provide desired capacity,

! The additional cost of material to provide protection from ultra-
violet light would be thirty percent for Nylon and eight percent
for Dacron.

Having used Nylon as an index of 1,0 in cost evaluation, this
additional consideration would indicate that a web device of
Dacron would cost only 10 percent more than an equivalent
Nylon device.,
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Steel compares favorably with both Nylon and Dacron in

all areas except flexibility, strength weight ratio and the
profile of the member contacting the cargo. Adjusting,
releasing and tensioning devices are also cumbersomae.

For these reasons, stegl is deleted from the list of possible
materials,

There is little choice between Dacron and Nylon, if the
energy absorption characteristics are discounted. Strength
weight ratio is almost identical in the type webbing aormally
available.

R R P P TR

 There is little difference in the manufaciuring and assembly

procedures. The greater bulk necessary for retardation of
light degradation in Nylon is offset by the higher cost of
Dacron fiber. If additional material is added for preven~
tion of light degradation, the fact that less is required to
protect Dacron and Nylon will allow for a lighter device

if manufactured of Dacron. For example 8,700 1b webbing
in Dacron and Nylon weigh 7.8 and 7.7 pounds per hundred
feet respectively. Since 30% additional Nylon and 8% addi-
tional Dacron is required for protection from ultra-violet
light, the Nylon web portion of the device would weigh 1.19
times that of Dacron.

Past experience indicates that the web portion of a restraint
device constitutes 43 percent of the fotal weight. A Nylon
device including hardware would than be 1.09 times heavier
than a Dacron counterpart.

In conclusion it would seem that there is little choice between
Dacron and Nylon. however, on the premise that Dacron will

——be-more resistant to light degradation and approximataly 10
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percent lighter than Nylon, it is recommended that the reé=-
straint device be fabricated of dacron webbing.

2. Detailad Design Considerations

Thke 9 g static load coandition will impose extrernely high
loads on the restraint and pallet combination. Reactions
at the pallet, due to restraint loads, are caleulsted to be
twice as high as the reactions that occur during the 8 g
deceleration for €.1 second. 8ince a restriction has been
imposed on pallet thickness, thereby limiting its bending
strength, the attachment points for the restraint have of
necessity heoen located close to the corners of the paliet.
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loads imposed by the resiraint have been limited to specified
maximum values. Restraint attachment fittings are located at
points 4 inches, 14 inchez and 24 inclies inboard from each of
the corners along each edge of the pallet. l.oads are specified
tc be no more than 10,000 1bs, at the 4 inch location, 6,000
iba. at the 14 inch location and 4,000 lbs. at the 24 inch
T T T Tioestions  Figure 2 indivates-this orientationof webblng oo
types. To accomplish this, webbing members, having
sitnilar elongation characteristics under the specified loads,
were selected.

-t
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Further in this regard, the webbing locations on the load
have been arranged so that the proper load segment is applied
to each web. . '

A sketch of the proposed webbing locations is shown in
Figure 22. It should be noted that sioce a single restraint
module is proposed, the load will not always be distributed
in proper ratio to each web. Since the short pallet side has
higher bending strength, higher loading is shifted to the in-
board webs in this condition, ‘

: A single module then poses the problem of adjustment to
B both long and short sides of the pallet. The nececsary
. _ adjustment is accomplished by an arrangement of diagonal
1 members, self adjusting to the 108 and 88 dimensions of the .
_Jogistic pallet module. No adjustments othér than height

adjustment and corner draw webs are required. -

An isometric of the proposed restraint is shown in Figure

28. It will be noted that two identical modules are utilized.

One module covers the cargo frount to rear and the other side

to side. Members A, B and O are the load carrying members

and are rated at 10,000 1be,, 6,000 Ibs, and 4,000 1bs, respective-

iy.

A series of diagonal members rated at 4,000 Ibs. are added
to this basic configuration to form a net pattern which event-
ually becomes the front, rear and sides of the cage.

This diagonal pattern is 48 inches high and has no vertical
height adjustmant,

- 99 -




[P ———

Brooks &

PERKING

atEErRReLE

Vertical web members atiach at the apex of esach two diagonails
and runs across the load to the apex of similar diagonals on
the opposite side of the load. Vertical web strengihs are
compatible with strengths of members A, B and C.

All adjustment for height of load occurs in these verticals.

.ot e e o s 4 b
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Just below the 96 inch level are located tensioning, adjusting
and releasing devices which provide approximately 40 inches
of adjustment. Twenty inches beyond are reefing hooks which
allow for another 20 inches of retraction. This arrangement
is duplicated on the opposite end of the module, providing a
total of 120 inches of adjustment,

Pigure 24 effectively shows dimensional characteristics
of the module.

Two draw members are provided on each side of the module,
Attachment hooks are provided in the draw members for
attachment into similar draw members on the mating module.

Tightening the draw member eifectively encloses the entire
load.

Lateral webs are attached to the parallel ¢cross members.
t0 space them and to provide them with load enclosing
capability.

eI koo W N A,

ey

L e bl

No single loose straps are utilized. This rpduces the
tendency to tangle.

A roll up bar is provided at each end of the module. This
bar is provided to facilitate handling and storage and to
prevent tangling. The bar is attached just above the attach-
ment hooks and is expandable from the 88 inch to the 108
inch dimension.

The rod is fabricated of polyvinyichioride tubing of such
durometer that it can provide the required torsional streangth
to roll up the module, yet withstand the abuses encountered in
service. It will bend to load contour or can be run over by

a fork lift truck without damage.

Hooks are utilized for attachment, basically because lifting

requirements on the pallet dict=ted rings, so hooks segemed
the simplest type of connection.

- 100 =
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One of the basic problems with the hooks in previous nets
was loss. A new type hook and keeper assembly is shown in
Figure 25. The hook member is = three part stamping which
when assembled prevents separation of hook and ring., The
keeper arrangement is also unique in that it iz almost com-~
pletely protected by the hook member thereby minimizing

the chance of damage or loss.

The hook is designed to minimize the possibility of hooking
into the webbing and causing tangling and the hook opening is
made only large encugh for entry of the intended rings and
attachments. This type is used throughout the restraint.

Figure 26 shows the detuil of the adjusting tensioning and
L releasing device. It is a two bar double wrap type of wab
B holding device. The web can be pulled thru the device hand
Ea tight and the device locked. Release is accomplished by
- release of a latch on the locking handle. Three bar para=
. chute type hardware has been examined, but none will hold
the large loads inherent in this restraint.

A reefing ring is provided on the top end of the device,

All tightening action is downward, which is proper from
the human factors standpoint.

Photographs of a sample module are shown on the following
) page. {Figure 20},

A determination of loads in the structural members is shown
in Appendix

-« 101 -
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AIR-DROP PLA'I‘FéRM DESCRIFPTION

R Figure 27 illustrates the design of an air-drop pallet
£ recommended to comply with the objectives set forth
in the Statement of Work. As shown, the pallet is 2
module with a basic size of 50" x 108", intended {0 be
used with a 108«inch rail system.

o

T b Rl B BREAR DR s R it i et cn R A A .

The module construction consists of a core made from
resin-impregnated paper honeycomb weighing approxi-
mately four pounds per cubic foof, tondesd beiween two
sheets of ,063 7075-T6 aluminum alloy, the edges of
which are banded and riveted to the extruded members
comprising the four edges of the pallet.

S LA 26 ) b

TP T R 2 -3

The 50-inch edges of the pallet are made from 6061-T6
aluminam alloy extrusion so designed in cross-section,
a8 to provide a vertical restraint lip integral with two
flanges for bonding the core facing to the exirusion. The
1 - flanges cf the extrusion also provide attaching surfaces :
FE for the tie~down ring bushings. The vertical restraint

i L - lip is provided with notches at 10-inch spacing. The

b hollow portion of the extrusion is filled with balsa wood
o bonded to the paper honeycornb and to the extrusion.

R
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! The 108-inch edges of the pallet are made from two .
different extrusions one of which is a male member,
' .. the other being a female member. When two modules
: are joined together, the female edge of the pallet dove~

tails with the male edge of the adjacent pallet, the
———joint being held together by raeans of 3/8-inch diameter
. : spring pine (roll-pin), on 6-inch centers. The resulting -
i g joint has the same mechanical properties as the modules d
which it joins. That is, when two or more modules are
joined to form one continuous platform the assembly will
act as if it were one continuous section with no decrease
i of stiffness and strength at the joint. Structural continu-
i — : ity of the module is also enhanced by the use of "L shaped
1 bracket at each of its four corners. h

LR

Tie-down ring sockets are provided at 6 - inch epacing
‘along each 50~inch edge of the module to receaive tie-
down rings as required by the load configuration. Addi-
tional tie-down ring sockets could be installed along the
108" edges of the module to provide tie-down points not
now available on the present modalar air-drop platiorm.

- 108 -
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In other respects this pallet is similar to the logistics
pallet previously described., Weight of the moduleas
will be found in the appendix,

Advantages and Capabilities

a. Minimum number of pazts to store and handle;
modules and spring pins only.

b, Integrity of structure made up of modules; no
- : discontinuity of strength and stiffness at joints. .

; c. Maintainability; requires only the removal of
¥ spring pins to replace daraaged module.

= d. - No sagging of adjacent panels to interfere with
’ ingertion of platform inte rail/roller system;
no special attention required to distribute load
to eliminate sag.

e, Lowest cost item conaistent with the designated
test requirements of the Statermant of Work.
1. Resistant to deterioration over world-wide
climatic snvironments.
_ g No special assembly orientation; no front/rear
i position relative to aircrait.
i B.  Thickness is only 2 1/4 inches.
- 1 i. Meets t agperformance criteria specified inv

Exhibit 63«0,

Uses currently available matarials and fabri~
cation techniques.

L0
»

— — —~ —— —_ - . - - o e e mmemr e m e i - — T oS
e m e > e i A e ¥ A e = . — e g
R - . -



CORE AUTER /AL |
AUBER wONEY oM

FPRAPOTELS AR~ iGR Fi ATHFORAL
Pz, 27

e

R N P R R R G MR

e

Ld P

w

L SERLICE BINE

-

¥
=)
o
R

$




4g£§mﬁ§§d§§§§§a§§% :
m D -3

i

LT
i

G
s
%
g

ZALS4 WO00

FILIE®R

| s s o rerm— >~ et

y o




el diodliauk Rhas o s TFN_TW_ R B D W S B

. LOW- LEVEL AIR-DRQP PLATFORM
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Figure 28 illustrates the des:tgn mf the low-level au-drop
pallei recommended to comply with the objectives of the
Statement of Wotk. As shown, the pallet consists of one
or more air-drop pallets of the construction previously
deacribed with the addition of the following components.

1. . "_Nose-pxece _' e Gl - B e L ’.

The nose p:.ece is constructed from a sheet of .090
"6061-T6 aluminum alloy with 10 formed reinforcing -
" ribs made from the same materisl riveted at equally
spaced intervals alcng its breath. The two flanges
at the open end are rnueted te a length of femaile -

struchon of the axr-drep pauet previously described,
The extrusion ir also conaected to each of-the 10
.ribs by mecans o£ bolts wlnch thread into captive Ny :

T nats on the Fibe i The lower surface of thienoge - = = mormmm s s
sheet is prov-:ded with 3 joggled skirts the purpose : '
of which is to prevent the entry of dirt and sand .

"at the intériace of thée pailét and hose-block: ~The o
~whole aasembly is attached to the rnale edge of a
standard air-drop pallet and held in place ‘by' ™eaLs
of 3/8-inch diameter spring pins.

2. Nose-block -

" The three nose blocks are made from é«inch wide -~ -
wedge shaped 6061--T6 aluminum alloy. The tapersd
end of the block slips into the joggled skirt of the
nose piece and is equipped with z threaded insert to
receive a 3/8-bolt passed through the joint of the
pallet and nose piece. The rear of the bleck is
machined to receive the forward end of the channel-
shaped runner which is heid to the block by a trans-
verse 2/8 bolt,

3. Runner -

The three runners are made from 6-inch channels,
length being determined by the number of air-drop
modules comprising the platform assembly. The
leading end of each channel is connected to the nose
block by a 3/8 bolt and at each succeeding module
joint by another 2/8 bolt passed through the joint
and into a solid block welded to the inside of the
channel and equipped with a threaded ingsert.
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The runners are spaced to allow loading with extraction of

- roller system.

. 2dvantages

e

ircraft conveyor .

Additional 2 inches of length of pallet tends
to reduce possibility of jamming during ex-
traction.

Construction enhances structural integrity
of module/modules.

Three piece construction reduces repair .
and replacement cost and servicing time.

Can use proposed air-drop pallets without
modification.
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EXTRACTION PARACHUTE LOAD TRANSFER DEVICE

ey 0 G ST A 1 e B

The largest load air dropped to date is a 35,000 1b load.
The extraction chutes that have been used to extract this
load from the aircraft are a single 35 ft, or a cluster of
two smaller chutes.

A study of the results of four different extractions of
large loads indicate that actual recorded peak extrac-
tions force during the extraction were 38,600 1bs.,
34,700 1b., 39,500 1bs., and 44,500 lbs. These
forces were achieved just as the chute fully opens
while still in tow. As the platform moves aft out of
the aircraft the extraction force continually drops
from the peak load to values about 25% less at the
point of force transfer, see table below.

PEAK EXTRACTION FORCE AT TIME

FORCE OF FORCE TRANSFER
1. 36,700 lbs. 38,500 lbs. 26,500 Ibs.
2. 34,500 Ibs. 34,700 1bs. 25,000 1bs.
3. 35,200 1bs. _ 39,500 lbs. 29,600 1bs.
4. 34,3001bs. 44,500 1lbs. 33,000 1bs.

An extraction parachute load transfer device with a static
load capability of 1-1/2 times the maximum extraction force
of 45,000 1bs. which is equal to 67,500 1bs, and with the
safety factor of 1-1/2 on the release force of 30,000 lbs.
which is equal to 45,000 1bs. should be more than adequate
for largest load dropped to date and for the forseeable future.

The device shown in Figure 29 was developed by Brooks &
Perkins, Inc. and is currently being evaluated by the U.S.
Axmy Natick Laboratories. The device has been tested -
statically to over 70,000 1bs. and has released successfully
several times a test loads of over 50,000 1bs. Brooks &
Perkins, Inc., therefore, recommends the adapting of this
device for the Universal Air-drop Platform. Since the
maximum air drop loads are and will be in the 35,000 lbs.
range and since these loads constitute less than 5% of all
air-drop loads it would not be economically feasible at this
time to design a higher capability device, which would of
necessity be larger,

-114 -
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——bulkier,-heavier,.more costly.and more sophisticated

due to increased part loadings. It would be much more
practical and economical to use the recommended device

is

as-a'‘one-time' use item for these-large loads, if it
felt that the device presented a risk after a release at
the above loads. :

The transfer device can be mounted directly to the load

or to the platform. Figures 30 and 31 show an adaptor
bracket that can be fastened to the aft end of the platform.
The attachment is accomplished by slipping the bracket into
the platform extrusion and securing with the same spring
pins that are used to fasten the platform modules together.
Figure 32 shows the means of adapting the trigger assembly
to the universal air-drop platform and the modified arm

for use with the -4 rail system.
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BROOKS & PERKINS

. DATE. - DEFENSE PRODUCTS DIVISION _

ADAPTER BRACKET - EXTRACTION PARACHUTE
LOAD TRANSFER DEVICE PLATFORM MOUNTING

R SR

——

O

Extraction Chute
Release Mechanism

MATERIAL:
7075-T6é Forging

29"
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TECHNICAL ANALYSIS FORM
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APPENDIX I

GENERAL APPROACH TO DETERMINATION
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OPTIMUM AIRDROP MODULE SIZE




APPENDIX 1

GENERAL APPROACH TO DETERMINATION OF OPTIMUM AIRDROP MODULE SI2E

 OBJECTIVE

e g ~{ g —desired-to-find-if -there-exists -a definite—optimm'-airdrop-module—

length, In addition, it is desired to ascertain the sensitivity of the
degree of optimality to variation in the module size,

APPROACH

Rigging instructions exist for most current standard airdrop loads. From
these rigging instructions the load length, L,, and minimum allowable
platform length, Ly, are extracted. It is assumed that the current dis-
tribution of differences between L, and L, is at least representative of
the distribution of such differences as the mix of airdrop equipment
changes over the next few years. A general expected value approach is
set up and the expected length loss is determined for four module lengths,
No weighting according to importance is applied %o any equipment item.
Redundant data (e.g., different loads rigged inside a 1/4-ton truck) was
omitted. :

OPIIMUM SIZE DETERMINATION o

Figure Al shows the occurrence of the minimml required platform lengths

for a number of important standard loads. As can be seen by the figure, .

these lengths are fairly evenly spread over the range from below 75 to
over 300 inches. '

O T T T AP i SR i 5 R 00 005 i

Interaction between the minimum length required and the overall load
length is important in determining cargo space utilization. Figure A2-a
shows a schematic airdrop load,

The difference between the load length, L,, and the minimum platform
leugth required, Ly, is called delta,&, as shown by Figure A2-b. No

loss of aircraft cargo compartment length may occur if & is larger than
the module length, M. This is true because 1if'A 1is larger than the module
length, any module length required must necessarily fall under the “over-
hang'" of the load, where no other platform may be placed,

1 uyinimum required" lengths are based on the observation that all loads
require enough platform to accommodate the honeycomb shock absorbing
material plus some extra length for sufficient tie down angle. A mini-
mum length of between 100 and 110% of the length required for the honey-
comb appears to satisfy this requirement and consequently is used. Load
lengths are taken as overall equipment length, or, when necessary equip-
ment plus parachute platform, etc,

Al-1
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Figure A2-a. gketch of Airdrop Load Dimensions

!

NULSBER

Figure A2-b., S5ketch of Platform-Module Relationships
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When M is greater than A some loas may occur, In order to get an idea of
the relative order of magnitude of this loss for different module lengths,
the following calculation was made,

- For-some unspecified load-module combination, we can see that if we are

very fortunate in making up the platform, it will exactly £fit the length
required, as in position 1 of Figure A2-b. Much more likely is the situ-

ation shown in positici 2, in which the necesyary number-of -modules-ex
ceeds the required length,

As wéntioned above, however, no loss occurs until the end wodule extends  — — ————
past the load length. Position 3 shows the maximum amount of such loss,
called e,. As is evident from the figure e, equals M -4,

In the general case, we may consider that it is equally likely that the
edge of the end module falls anywhere between L, and Ly + M. Consequently,
we see that any loss at all is expected to occur e, /M percent of the time,
When this loss occurs, its average will be emlz since we have assumed uni-
form positional as likelihood.

Figure A3 may then be used to interpret this regult with curremt standard
airdrop loads that have delta greater than a specified size.

Let us consider the 44-inch module. Figure A3 shows that this module
length £its 22% of airdrop loads with no loss (A greater than M); hence,
a loss in aircraft space utilization is possible for 78% of the loads,

In this range, the value of 4 varies reasonably linearly. The value of
€y should therefore vary from 44 to zero inches as delta varies from zero

- to 44 inches.

An—-expected-loss of 7 inches results for a 44-inch module. The average

load length of the standard loads shown in Figure A3 was 196 inches, The B
7-inch expected loss due to "pallet overhand", then, represents only 4%

of the available cargo compartment space.

It is interesting to compare the length loss with a module length as small
as 29-1/3 inches, which may be taken as a lower limit of reasonable length,

-.With the above approach, space loss should drop to an expected value of 4

inches, a "gain" of only 3 inches, or 2%, over the &44-inch size, 1t is
evident, therefore, that airdrop load length loss caused by module over-
hang is small in this size range and is relatively unaffected by module
size,

A similar calculation was made for 48 and 88-inch l;angth platforms. The
results for all four sizes may be summarized as follows:

Al-4
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SPECIFIC EQUIPMENT LIST APPROACH TO mmmm
OF OPTIMUM AIRDROP MODULE SIZE

It is desired to find the effect of airdrop platform module length on the
efficiency of Titting alrdrop plactorus to a spacificlistof afrdrop = - e
equipment,

APPROACH 7 —

An equipment list for a ROAD airborne divisfion (TOE 57E) was used as a
typical example of a specific airdrop equipment mix. Load length and
minioum platform length were tabulated for each ftem, The fit of several
possible module systems wvas investigated.

The analysis in Appendix 1 is a general approach to the effect of differ-
ent airdrop module lengths on the utilization of available aircraft space.
The results of that analysis may be summarized as follows:

1. Loss of aircrait length due ro assembled platforms “overhanging",
or extending past the length of airdrop loads, is small--in the
order of 4% of total platform length for a 44-inch module.

2, This overhang loss is relatively insensitive to drastic reduction
: in module length; halving the 44-inch module size produces a loss
- % .. wieweo . ... . reduction of less than 3% in terms of the total platform length,

3. The small overhang loss is likely to be insignificant in compari-
son with other aircraff utilization factors--platform spacing re-
quired by the rail size, "grossing out" of aircraft, fitting of
asgsembled platforms into the aircraft, etc.

The calculations that resulted in the above conclusions were based, how-

) ever, on the assumption that airdrop level dimensions were not known ex-

: actly, and that loads and load overhangs could be approximated szufficiently
~— .- .. .. . _by present data, More important, the specific loads in the data were un-

' weighted. For example, the 1/4-ton utility truck data were treated in the
same manner as were data for road graders. Since the compogition of equip-
ment in future airdrops is not exactly known, this approach provides a use-
ful general indication of the affect of module size on aircraft utilizatiom,

It is of intaerest, however, to consider an airdrop wmovement with specified
quantities of specific equipments, and to ascertain whether the above re-
sults apply in such a situation,

A2-1
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OPTIMUM AIRDROP MODULE LENGTH FOR A SPECIFIC DIVISION AIR EMPLACEMENT T
Table A-I shows the number of major ftems of equ t for infcial air .
emplacemsnt of a ROAD Airborne Division (TOE S57E)*. BEquipment items which
would be airlifted in quantities fewer than 10 are omitted., Table A-I in-
cludes 4429 out of a total of 4506, or 98% of the equipment items. Over-
all load length and "minimum platform length" are shown., Minisum platform
' length is based on the overall length of the shock absorbing paper hoasy-

- ———— . . - comb patterns-specified in the U.S. Army TM 10-500 asaries, which covers =
: rigging of airdrop loads. In some casecs, up to 110% of the honeycomb

length ig considered the minimm platform length in order to provide suf-
————————ficient piatform length for a reasonable tie down pattern.2

The data in Table A-I are plotted in Figure A4. Each shaded block repre-
sents the range of desirable platform lengths for the equipment item cor-
responding to the number beside the block. The shaded areas are arranged
in order of the relative importance, or number carried, of the correspond-
ing equipment items., Figure A4 shows how well a particular aixdrop module
system mects the size of the important loads.

A transparent “overlay" on which are drawn lines representing the platform
lengths that may be achieved with a particular module could be placed on

this figure, The optimum module length would provide an overlay grid of
platform lengths that intersect each of the shaded blocks of the major items
of equipment. If a platform length line does not fall through the shaded
blocks, a platform length corresponding to the line next to the block on

the right must be used, The scaled difference between the right end of -
the block and the next line would represeant the amount of platform that »
will extend out from under that particular equipment item. This amount
repreaents 4 potential loss of aircraft space; though-not necessarily-a - -
real loss, Figure A4 and a series of overlays could be used to search for

a "perfect" platform length, However, since module and platform size are
bound by @any practical constraints,; theevaluation-will-be-limited—to
module lengths proposed elsewhere,

1 pased upon an USCONARC Strategic Airlift Requirements unofficial planning - -
report.

2 Restrictions limiting allowable overhang of the platform by the equip-
ment were not applied in each case. Current rules-of~thumb, e.g, keep-
ing the angle between the end of the platform and the extreme point of
the load greater than 309, were checked in several instances, however,
Overhangs implied by the shaded area in Figure A4 were well within the
allowable samount in each case checked,

M o oD DB s il e b ol
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MAJOR EQUIPMENT ITEMS REQUIRED FOR AIRLIFT

FOR AN AIRBORNE DIVISION, TOE 57E (ROAD)

Length of
Modular
Minimum Platform

oo Ztam. Nusber . ... Load Platform Currently .
E _No, Required Equipment Item %;L x_‘_:%:_xs._ _Used
T 17 TTI017T 1/4<€on UELTLEY Truck 132 96 1t -
719  1/4-tou Cargo Trailer 109 72 96
3 656  3/4-ton Truck 192 174 144
(var. configurations)
4 641  2-1/2-tom Truck 276 230 288
: _ (var. configurations)
; 5 424 3/4-ton Cargo Trailer 147 86 144
6 297  1-1/2-ton Cargo Trailer " 166 114 144
7 226  1/2-ton Mule M274 (two) 98 83 . 9 §
8 68  1-1/2-ton Trailer, water 163 120 144 3
9 62  1/4-ton Ambulance M170 165 130 %4 ,§
10. 60 105 MM Howitzer & Carrier 236 180 192 %
11 54 75 MM Gun & Carrier - 319 280 e n.a. g
; 12 47 90 MM Tank MS6 278 208 240 F
’ 13 46 _ 1-1/2-ton Amwo. Trailer 166 120 e n.a, :
14 30 3-ton Warehouse Platform g
; : Trailer n.a. n.a. n.a. Z
? 15 29 Armored Personnel Carrier 239 212 240 g
16 27 2-1/2-ton Engr. Utility - : &
Trailer ' 176 118 144 §
17 26 S-ton Truck 399 325 e N.a. = T
. {var. configurations) ' %
TOTAL 4429

1 Sources: U. S. Army TM 57-210, TM 10-500 series
~ "e" - indicates estimated, not based on TM 10-500
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Figure A5 shows the relationship of the present 108" x 48" Army modular
platform to the airborne division equipment shown in Figure A4. The
séries of lengths poasible with this asystem fit all of the major e¢quip-
ment loads without significant aircraft space loss,

Two proposed platforms are jJllustrated in Figures A6 and A7. Figure A6
shows lengths corresponding to a system of 108" x 44" modules. The figure

indicates that this module length fits all equipment items with approxi-
mately the same degree of effectiveness as the present module,

The 108" x £8" basic module plus a 108" x 50" add-on module is illustrated
by Figure A7. This combination fits all major equipment items without
loss except the 1/4-ton truck (Ttem No. 7). This truck could be rigged
satisfactorily on two 50-inch modules (100" total length), if such an as-
sembly were part of the system,

.On the other hand, if a 138-inch module is used for rigging a 1l/4-ton
truck, the loss of aircraft space is still relatively smail. Figure A7
indicates that a 138-inch long platform exceeds the length of the l/4-ton
truck by 6".? Since there are 1017 such trucks in a division-lift, as
indicated by Table A-I, the possible aircraft length loss amounts to 6101

2.: . inchea, However, the total length of all the loads listed in Table A-X

S s is 738,488 inches, Conséequently, misfitting the 1/4-ton truck by 6 inches
... .. amounts to a& loss of less than 1% of the total length. This 1% may be

. <¢ompared .to another space lLoss--required gaps between platforms. The
-~:w10£9fx~88“~p1us.Soﬂzaddvon"ﬂystem-never~require3wmorefthanfa~2—inchugap»-~
in‘order to match the side-railidetents. When a minimum gap is desired,

‘the 108" x 44" and 108" x 88" systems may be expected to require an aver-

_ ,1gewpacing ~of—about—5—inches,—When-platforms—arev-required—to-beplaced—————

T close together, therefore, the 108" x 88" plus $0" add-ons system would

o " be. superior.

2 ?F$gures AB-gnd A9 show the relationship of the airborne equipment loads
. to systems consisting of 108" x 29-1/3" and 108" x B8" modules. The
shorter module fits all equipment items with no aircraft loss, his size,
- however, has-been eliminated previously, The 88" long module produces a
loss on several equipment items, The sum of this length loss for the air-
borne division equipment listed in Table A-I amounts to 64,546 inches out

of the total 738,488 inches required. This is almost a 9% utilization
loss,

1 This depends in actuality upon which 1/4-ton truck is used. According

to U.S. Army TM 57-210 and the appropriate TM 10-500, 1/4-ton truck
lengths are as follows:

M-38 - 133 in M151 - 132 in
M-38AL - 139 in M170 - 155 in
A2-5
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The above analysis leads to the conclusion that there is no significant

bR ) .

4 difference in initial airdrop load length matching between tha 29-1/3",

i 44", 48" and the 88" basic module with 50" add-on, Tha 88" length incre-

ment provided by the 108" x 88" system results in a poor fit of the im-

portant airborne division loads, thus producing an aircraft space loss of

. -~ -approximately 9%; ~ Although the TO&E for-the -airborne-division will ua- = :
= doubtedly changs from time to time, the above results should apply for a

; ressonable degree of change in equipment allocations.
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APPENDIX I :

PLATFORM COSTS PER TRIP




Light weight, long Bfe and low initial cost are desirable
features of an air cargo platform.

~All three of these features are of intorelt to the extent
“that they contribute to a lower cost per trip for the plat-

— - form. For exampla, if a platform's co: s reduced by

1/4, this would appear to be desirable. X in the process
the useful life is reduced by half, however, the cost per

it R AR R gy ’MP 'ﬁ‘f“ﬁf"!’ ¥ l;wm

é.
I
H

o

A combination of cost, mxght. and life that produces the
minimum cost per trip is the real objective. To find this
) um, however, it would be necessary to have a com-
plete understanding of how the useful life varies with the
"cost and weight, for example, or how weight changed with

- different cost and endurance. Since these relationships

are highly dependent on design. materials, and production
methods, it is difficult to find a meaningful relationship
between weight, cost, and endurance. It is possible, how-

ever to investigate the marginal value of improvements in
pallet characteristics.

We may assume a "reference" platform of the following
characteristics .

Wexght- 290 1bs.
Endnrance- 180 trips (average)

meﬁmmlmﬁe—the—reh%we—d&nxabﬂity_dm

ment in these reference characteristics in terms of cost

per trip.
Cost per Trip
If a platform has a purchase cost, P, and a useful life of

N trips; and a weight, W, the cost per trip C, is nmply

Cz: P + W {A)
N

Where A is a constant which expresses the freight cost per
1b. incurred in one trip using a platform. For military
overseas air cargo, this value is taken to be 0.13$ per 1b.

per trip. The reference platform has a cost per trip, there-
fore, of:




DA T s RO A IR 1500 B P93P M SOOI A S SR A T S S = R
e n et e g e m A e e ALkt . <

7 C ref. - 250 + 290 (0 13)
- Cref. = $1.40+$38.70 = $39.10 per trip
Increase in Useful Life

" What i- the val;u of nn improved phtform thu h.s ; gretterm S

useful life?

P R X

PRERRTN

el s

Figure III-1 shows that increasing the phtform life has little
effect on the cost per trip. This is because the weight counts

b e

for such & largée proportion of the oo st per trip.  An increase
in N of 100 yields a reduction in cost per trip of only 1. 3%.

Similarly, the cost per trip equation shows that reducing the
orm cost to $150 could not reduce the cost per trip below
38.50, or by more than 1.5%. One may conclude, therefore,

that the cost per trip of the reference platform is relatively

“insensitive to iniéréasés in useful life or reduction in purchase
cost.

The reduction in cost per trip with decreasing weight is more
significant. Figure 1II-1 also shows that a reduction in weight

of 71.00 1bs. reduces the cost per trip to $26. 10. a reduction of

33%. -

Conclusion
_ A decrease in the weight of the referencg platform tends to

reduce the cost per trip more than does a decrease in cost
or an increase in platform life.

B s st nirtoineni e SRR ) Bl

AN o R

T CALCULATION OF AIRFREIGHT COST PER POUND
OF CARGO PLATFORM

A value is desired for the average airfreight cost per pound
of military air cargo platform in overseas service.

ax-2
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_ BROOKS & S

- The following values may be taken:

average distance of loaded trip - 6,000 miles
average return trip distance - 6, 000 miles
average air gas cost - §. zolganon

average jet fuel cost - $.08/gallon

marginal fuel consumption per ton of cargo,

" prop. alFcraft = 0.7 gal/ton=mile—— —— e

- margiml fuel consumption per ton of cargo,
j etaircraft - 0.6 gal/ton-mile
' . total freight cost in prop. aircrait - .15 $/ton-mile
- " total freight cost in jet aircraft - .10 $/ton-mile

When an additional pound of platform weight is carried, one of
two cost occur:

a. If the aircraft is not loaded to maximum weight,
extra weight consumes more fuel; marginal fuel

coats apply.

b. I the aircraft is at full weight, full freight
charges must be applied to extra platform
weight.

At present, few MATS cargo flights are "grossed out".
Military cargo density trends are toward heavier cargo,’
however, and during emergencxes heavier (25 lbs/ft,” )

- . ..Army cargo would be carried in greater proportion. In
addition, most of the newer jet cargo aircraft are designed
with higher cube/lb. capacity. Consequently, we will assume

—a future overseas air cargo fleet of 40% propeller aircraft

o i

and 60% jets, which will be carrying capacity cargo 25% of
the time, on the average. Retura trips are assumed to all
be at less than aircraft capacity.

Average freight costs per pound of cargo pla.tform are, therefore:

'10

Gost/1b. #[1.75) (12,000} + (.25) {6, ocgﬂ 60 (T%lﬁ (.08) # (. m)’fm%) (-20)

+(.25) (6000)&60)
Cost/lb. = 0.1345 $/1b. per 6000-mile trip

We will, therefore, use a figure of 0.13$ per 1b. as the freight
costs per 1lb. of platform weight per trip.

m-3
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i
Comparison ’;
40 / Pallet, $39.10 Increase in Life / S i -
' - . —L $38.60 :
.~ Decrease in Weight ‘g
30 . \{ 3
\\ . LI
- \ ,
a, $26.10
e
E“ * £
) . £
c |« %
9 20 1 3
3 i
:
() £
g - 4
- 9 0 J
- 1" == T -
2p0 270 250 230 210 190
) Pallet Weight, Lbs. - It SR
ibo 200 220 240 260 280
o Pallet Life, Number of Trips :
250 225 200 175 150

Purchase Cost, $

EFFECT ON COST PER TRIP OF IMPROVING COST, LIFE

AND WEIGHT OF AN AIR CARGO PALLET
i-4
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APPENDIX IV

PALLET STRESS CALCULATIONS
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TECHNICAL ANALYSIS FORM

1
Bew )

gk B0

SY_EZLEZ . OATEL=15:85

JI fade b oooan

WEIGHT V5. SANDWICN THICKNESS,

YOLUME OF powneYtorB = H.WIL

L'-105°678" [ Ww=865.8%" , }/ = vAwinbLs
ur OF HONEYCOHE = 105.975X56-275X HX3.9 /1728

NSSTDRGTN 3% B IATRRR LIS T T

= 20.5 H 485
VOLUME OF SKIN = t.uL. -
Lz 1085 :a/z85.5 ; &= VARIRBLE
WT. OF SHIV = 105.5X85.5XeX.1X2
N . = 1%l LpBs.

20 i/c i
f:- 75500 p.s.i SEEFR?Z
‘ _ﬁmx. 202,)30 /V-L8 SEs R3

e = 134/

He= 202,/.»9 / :-.'a,v '75 £oox b

1

éxrﬁ’IJS/dV WY = 5. ¢. hx.l

Z3¢3.5 25X 1 h
= @64 LAS

| suaw [Howsit | siw | wowey |sugrordl £xr2.| cxme. | Torar. | senowen. ). | .

ﬂ//ar THEk | Wr | WT. | Wr - h WT. /T, THICKNESS

025" | 5.3G |¥5.25%(109.8" |155.05 4 2.01| 4+ 19.3 | 174.35 541
.032 4./9: 57.90% 1 86.041143.90 |, .g4|; $.06|151.9¢ 4.25
o4 |335 |72.40"|68.7# 141.10 | o o 141.10 3.43
.&50: 2.68° |90.60" 55.0" 195.60 |. .g1|_ c.4¢ 1139.14 2.78
063 213" | 114.00°143.8" 15780 |.1.20|_ 1170 [196.10 | 2.25
071 |1.89" 112857 |38.8" {167.30 |- 1.46| _14.00153.30 2.03
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DETERMINATION OF OPTIMUM SANDWICH PANEL THICKNESS

+ 120

Honeycomb

' WEIGHT IN LBS.
R

xR

o

+
3

. _ ;+_2M.. . e e e e e L e et e e e ;
i
160 - /*MeiehL

|
" .
0 | : Extrusion
i
|
i
|
|

.
b o —
.

SANDWICH THICKNESS "INCHES'"
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APPENDIX V

Determination of Loads in Restraint
‘due to
9 g Longitudinal l.oad
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- APPENDIX V1

EXCERPTS FROM APGC-TR-64-61
EVALUATION OF C-130 AIRCRAFT
EXTRACTION SYSTEM '

s




s

_.dividing the parachute drag force for the airspeed flown

The extraction factor for a given load was determined by

b

by the total load weight, including the pallet. The sxtrac= T e
tion factor-proved to be useful for determining the ophmum .

|

airspeed, load, and parachute combination. Results indicated
that an extraction factor of approximately 1.0 to 2.0 was '

satxafactory. At an apprecmbly low extra.cuon factor, the

~ distances. Atan. .appreciably higher extraction’ factor, the

- welocity with respect to the-aircrait at. extraction, the more o

T “theoptimam-point-of the-extraction-line- ateaehmentwith Tess s

R QTW& 9

pallet impact angle was more difficult to control.

As the center of gravity of the load passed over the end of
the aircraft ramp, the unbalanced vertical support caused
the load to tip {gravitational tip off). The slower the load

the load tipped. It was evident that the load was given a
rota.tmnal velocity due to this gravitational tip off .

If the extract:on line was attached so that the drag force

was exerted at the center of gravity, the load continued ..

to rotate unrestricted. It was concluded that if the point

at which this drag force was exerted was moved some dia-

tance aft and above the center of gravity, a moment would.
result-to-counteract this rotation. The counter-action of L
this rotation was then attempted experxmentauy to determine

. pect to the load center of gravity.

3

———ag determined-inthis test, — .. .

A1l eﬁracﬁﬁﬁwdwmﬁeﬁmmgm&iﬁedwpamm S S
successiul when the pallet impact angle was greater than minus ' :
7%and less than 38° . Considering the range of the pallet:
angles for successful extractions made using the modified palle
it appears that a constant rigging angle of 12° can be used. ‘With
this rigging angle, one can be at least 90 percent confident that -
the pallet will impact within the range of successful extractiona

At release a deceleration of -1 to -3g was observed in the

longitudinal plane until impact. A vertical force of approxi-

mately ¢ 12 to ¢ 18g was experienced as the tail of the pallet

touched down and the nose rotated and impacted. At nose

impact, a short duration longitudinal deceleration of -20 to

-30g accompanied by a + 10 to ¢+ 15g vertical force was en-

countered. Short duration longitudinal and vertical forces ;
of -5 to + 7g were evidenced as the pallet slid over the un- |
improved terrain until pallet rest.




The pallet used for the durability evaluation was the standard
463L modular pallet. This pallet is an expendable item not

—-designed to-be reused. -To facilitate the most economical ---- - - —o .
.gathering of data to satiafy other test objectives and to serve

as a basis for comparison, several pallets were modified to

_-tractions made with it,

enable them to be reused. Considerable ¢ifoit was éxpended
to gain success with the standard pallet; however, of 23 ex-
only 7 were successful.  Most of the

"failures occurred because the pallet dug in the ground on-

impact. Several drops were made at excellent impact angles,
but in the 4000-1b. and 5000-1b. load range the pallet failed
atrnctural.ly.

Loads were extracted at ramp a.ltitudea varying from 14.2

_ft. t0 3.4 ft. Results indicated that the aircraft should be

as low as possible at the time the load is extracted. This
would minimize the time interval from load separation to
impact. This was proven to be very critical. At this time
imerval was lengthened the effects of any errors in accu-
rately locating the point of attaching the extraction line
ware more pronounced. If attached too Iow, the pallet
motion was arrested and reversed, causing the pallet to

_ act nose down. If attached too high, the rotation had
_time to continue, resulting in an ‘excessively nose-high

' impact angle .
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VARIOUS PALLET AND PLATFORM SYSTEMS

 APPENDIX VI

GOST AND WEIGHT COMPARISONS
OF
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Brookxs & PERKINS

TABLE X
COST AND WEIGHT COMPARISONS OF 88" x 108"
:  LOGISTICS PALLETS OF VARIOUS CONFIGURATIONS

. WEIGHT
TOTAL-#/SQ FT.

- S
TOTAL 4/5Q FT.

T T

1. Present 463L Pallet

2. One size module 54" x 44"
4 required - separate
restraint lip required

: 4 sides

3. One size module 54" x 88",
2 required. 44" x 108",
. 2 required. :
Separate restraint lip
required - 4 sides

4. One size module 88" x 108"
‘separate restraint lip
-required --4-sides

restraint lip - two short sides and
separate restraint lip - 108" sides

291

411

a8s

| 357

XN

6.20

5.7

5.4

250 —

316

307

a8

4.3

4.65

4.25

‘ A. 463L type rail:
B. Air-drop type rail:

- 6. Recommerded 88" x 108"
2 logistic pallet

347

5.3
5.0

278
271

4.16
4.06

» g
§io - 060—7075-T6 facingsand- — - —
paper honeycomb core

—— - = TTTIIT L T e - e e e e

33

223

3.4




BROOKS & PERKING

e
R

TABLE X1

PLATFORM CONFIGURATIONS _

COST AND WEIGHT COMPARISONS OF AIR-DROP

: Approximate/Wt.  Approximate/
Platfortn Contgguranon Lin, Ft. Cost/Lin. Ft.

1. Preiem: Modular Platform ' 434

' 2. One size module 44" x 108"
(Separate side rails) 564

3. Two module sizes 88" x 108
_ # 48" add on modules_ . . .
(Separat e side rails) 534

4. Two module sizes 88" x 108"
+ 50" add on modules
Integral side rail (Non-reversible)
A. Air drop rail configuration: 464

B. 463L type rail configuration
with bolt on bar for airdrop

5. One module size 50 x 108"

. - type of tie-down ring: —— -~ —— 4T

$30.4

$42

$38

$36

restraint-lip-member

RERI L7 MWl 2 )

T

Buslungs to take tie-down rings 48#

6. Recommended:
One size module 50" x 108", same
as 5 above, except: '
.060 7075-T6 facings

g e

B el Sttt S

VIiI-3

e o..__paper honeycomb core: ... ... . - — - 37 —n

$38 -

— - - ‘.$34_

€ NI TS




—BROOKS & PERKINS

88" x 108" LOGISTICS PALLET

"PALLET CONFIGURATION

COST AND WEIGHT GOMPARISONS OF -

!

t

« Present .
: :

-~ One panel with

removable restraint

lip

- One panel integral

Restraint lip on

two sides - Army
type

- One panel

Integral Restraint S

lip - 463L type

= 2 module

R R S o Tt ‘M'o‘éwimmﬁi&_ﬁw A AR A ) b }.3\"‘<'§s"ri~{§:’ i

Pallet-44'-x-108%

or 54" x 88"

- 4 module S— —

Pallet 54" x 44"

design)

10 20

DOLLARS AND POUNDS

1

Figure 33

Vil-4

LEGEND

3
- y .
1
]
- Economy 463L - : ]
Pallet (Marginal l 1
i
1 i T ;

40

Cost
Weight

OSILVIE PRESS, ING., BROOKLYR 1V, ). ¥. SYOCK NO. 15O weas

— . . . -« -




T BROOKS & PERKINS |sm

DEFENSE PRODUCTS DIVISION _

- COST AND WEIGHT COMPARISONS
AIRDROP PLATFORM SYSTEMS

 PLATFORM SYSTEMS

1

-—Present-Army. .
Modular Platform

- One Module 44" x 108"

- Two Size Modules

108" x 88" & 108" x 48"

- Two size modules

108" x 88" & 108" x 50"

Integral aide rails

Air-drop configuration

e Two gizeé rmodules

108" x 88" & 108" x 50"

Integral Side Rails

Bolt on King Bay

- One size module
108" x 50"

-= - -Recommended one size module
50' x 108" with .060 7075-T6
facings and paper honeycomb

core

1 i 1
10 20 30

i i
40 . 50

DOLLARS AND POUNDS

1 Cost

Weight
LEGEND
Figure 34
vVII-5
OOILYIE PRESS, ING., BAGOILY 17, N. ¥.  STOCK NO. 130 hesa
. . N _ .
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APPENDIX VIO
OPTIONAL JOINT DESIGMS INVESTIGATED




CK. DATE. .
DATE DEFENSE PRODUCTS DIVISION

OPTIONAL EXTRUSIONS DESIGN
- ) 1 - A
Panel Edge Panel Edge
Member Member
Y S
- , i ( p —
: . N - '
Vertical Restraint (.—————""""
Rail Member
e ]

I

Figurc 35

EII-VII PRESS, INC., BROGKLYN 17, N. ¥, STOCK NO. 130 & —x _
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CK. DATE.. ]

(o ERETDATEZE% © BROOKS & PERKINS T

DEFENSE PRODUVCTS DIVISION

REV. DA

ol

5

—— —— ———————— . S—

CoT Tt ”"“‘"OPTIONA;'I;"EXT‘R’USIONS"ﬁESiGN"‘“‘ e

¥

o~

i

Panel Edge
Member

" Vertical Restraint

( Rail Member

T R IR TR pepa——" L

i | = =] 1

W,

Figure 35a

OSILVIA PRESS, INC., BROOKLYN 17, N.¥.  STOCK NO. 180 _ ‘V‘[H'_Z -
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- APPENDIX IX

CONNECTING MEMBER JOINT TEST

. n
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" "BROOKS & PERKINS™

TEST. Jomt Test

PURPOSE: 'I'o comparc the strength of the joint and

of the sandwich panel conatructxon.

EQUIPMENT & APPARATUS.

{1) Dake Hydraulic Preu
{2). Dial Test Indicator _.

PROCEDURE:

ulated below. The sample faﬁe 5% San
construction due to core sheadx fa:.lure. ﬁ s!ight
. R T .‘ oi

the joint matgnal 6@63 ‘?é _ﬁonﬁfﬁ

(3) Sample as shown-in Figm
The sample and dial indicator are positioned

in the press as shown in Figure 2.

A steel I - Beam was placed in the center of
_the sample, to distribute the load. A slight

pre-load was put on the beam; the indicator = = ' ~

was set to Zero.

Load readings were made at 50 PSI intervals.
The load was increased in this manner until

failure occured,

repiace& w;.j;h 6070-’;26.
GAUGE PRESS- | *LOAD LBS, | DEFL. 1
200 5660
250 7070
300 8480
350 9900 -390
400 11350 Core Failure
IX=-1

T ¥ One PSI gauge &

28.27 1bs. wcnsare
on the ramn,
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DATE

. DATE

" DEFENSE PRODUCTS DIVISION

-

TEST

5/)///45

_,g, _%,Dﬂ P,
& _ !
- ..? j— i - ¥
: o I‘-‘b
|
fte—me (2,0 ———
2413 =
: /rDé m:wcs &
FIE 1

Bt vk o A T

1X-2
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- STEEL BONDED SANDWICH PANEL
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U.S. STEEL PROPOSED "AIR DECK" UNIVERSAL PLATFORM

The U.S. SteelCompanywalcontactad to detérmine what s e LB
materials or construction designs they might have that would

e i

! e “ﬁ—_‘w

%

z
—be-applicable-to-the-Universal Platform program. They said ‘ §
they were very interested and had a sandwich pansl construc~ : - ”;
tion called "Air-Dek' which they would _propose £o: the plat- §
all of the problema were discussed. As a. rasnlt. u.s, Steél IR
Company prepared drawings of their proposed all ateel duign
for both the logistics pallet and the air-drop platform utilizing

their "Air-Dek'" construction.

U.S. Steel Air-Dek loggstics pa.llet descnggon

T P

Figure 36 shows the proposed desxgn of the logistzcs pallet.
The panel construction consists entirely of borded steel core
and facings. The core is made up of a series of individual
_-pieces assembled in a square pattern similar to egg-crating
as shown in the cut-away section, Figure 36. The pieces of -
' core are formed into a small channel section and-are notched
' and tl;t half way through the section at-each point that_they
' iggect. After the core is assembled all adjacent.edges
1 id ¢rners-are-coated with-an adhesive. The facingsaye =~ =~~~
pplied: to both surfaces and the entire assembly placed in ==~ - -

: ﬂzﬁnw oven: “The verticalrestraint-lip-is-obta
Wing ﬂe top and bottom facmgs andfoxming :

PR I

I lﬁ mﬂ panet so constructed would be very rugged and - R
sho | o

rt stiffening ribs that are fastened to the ends of S e R
‘cﬁre tﬁgmbers.» See sectionalview:—The: e B
; .__ﬁrmgs_hxa.ﬂﬁats are bolted to the top of the pa.net. Threaded
; m inserts are secured in the core to take these 'belta
see Sectmn A-A.

ve & long useful life. The estimated weight is sh.ght-
" Iy higher than the present 463L-pallet.—It-is difficult to obtain -
" . & replistie production cost, however, as there are no production _ _
‘ fcilities sat up to manufacture this type of structure as of yet.

U.S, Steel "Air-Dek" Air-drop Platform Description

Figure 37 shows the proposed design of an air-drop plat-
form constructed of steel. This platform consists of 50"
x 108" modules with integral vertical restraint lips. The
pagel construction is similar to that described above for
the¢ logistice pallet. The modules are held together by
means. of splicing plates bolted through the tongue shaped
edges of the m‘lp See Section B-B. The tie-down rings

.x-l-




PERKINS

are fastened to the platform in the same manner: as on the
_ logistics pallet.

This air-drop platform would hav? very goodltructural

propaxties cap lly for torsion and bending. Because of
the exceptional ruggedness of the construction tiis **Alr«Dek!—— -

N

LI

B

_ air-drop platform is recommended for a reuseable training

From the table on Page X4 it can be seen that the estimated
weight per square foot for a training platforra is 14.9 lbs

as compared to about 5.8 1bs per square foot for the present
modular air-drop platform. -

. The following is a list of advantages which will occur to

the Government through the use of the U.S. Steel Air-Dek
Concept. ' :

1. Design flexibility to resist practically any
combination of loadings by varying pallet
thickness, cell spacing of the core, thick~
ness of core material and cover sheets, and
the material of construction. By way of
illustration, a training pallet to sustain
numerous drops could be designed by vary-

e 2o o B

_above features and still be compat~

7 ible with the 463L system. An operational i
pallet for limited drops could also be de-

{
i
- ‘i- e R AT hsri
|
|
H

: t Jower-cost then the training pallet -
and with a large weight savings. The attached
tabulation compares various features of the
training pallet with the operational pallet.

2. The USS Air-Dek structure is orthotropic
in that it has equal structural properties

[ Ze

g v SRR

o in both directions in the plane of the pallet.
The attached graph shows results of the 7 T
experimental tests of bending rigidity of
several types of USS Air-Dek. This data
applies to both diractions of the pallet
structure, and this bi-directional load
carrying capacity accounts for the high
rigidity of the structure at lower unit
weights.




3. Resistance to puncture loads more than
satisfy Air Force requirements.

‘ 4‘_ ‘Use of steel in this éohcq;(ﬁ:iiuéo non-
: ‘critical material. .

Ww;wf e
|

5. Ease of fa.brzcation does not limit sources
5 : S of. aupply and results in a larger mobility base.

| | 6.  USS Alr-Dek pallets can be fabricated economi~
cally for performance requirements.

T ey oo

PP G R TR ¥ s A ey
N
iy




Operational Training
Pallet Pallet

Unit Weight, Basic Section, psf 4.5 12.7
Unit Weight, Overall, psf 7 5.2 14.9
Yield Moment, in.k./ft. width 36.4 348.0
Shear Capacity, k./ft. width 9.1 30.0
Crushing Strength, psi © 500.0 800.0
Bending Stiffness EI, k.in.? /ft. width 11,800 348,000

st kg g BT

X-4
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Moment in kips/in. of Width

USS Air-Dek i

Type

Unit Weight Thickness

Psf Inches
7.5 .2

7.5 2
6.0 1-3/4
4.7 1-5/8

Dowd»

Cell Spacing !

Inches
1-1/2
1-5/16
1-5/16

NN

I

|

0.2

0.3 0.4

Bending Deflections -Inches

0.5

0.6

B I N
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USS AIR-DEK ~ TYPE D

Thick - 1-5/8 in.
Unit Weight - 4.7 psf
- Gell Spacing - 1-5/16 in.
Hanerial Thickness = 2&/25/25 gage -

ounds on 1. 0 sn. .in.

tncflecﬁion of mat when load “Deflection of mat when: load
aon intcrsec;ion of core - ~on.centex of cell spaczng

Aﬂ f{ees
i Square Tesc

S:axnlesstCQrw

Wlﬂ .
. TN
{ ,0235 ,0190| .0215 . 10170
{ P

!
~Ne—0+0;

S ua1e Test Round Tesc

Steel

] 0204 0210 |02

&Siainless Cor~-| iStainless) Coz- Stainless Cdr-{ :

5'-""""-\1-2 bob e

o

"ablemﬁe:manéntddgixectiﬁn after load’ |.
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The Bonded Steel Sandwich Panal. conaur.u of an integral formed steel _ _
core asssmbly with & flat akin oz facing bonded to each -idc of the coro. LT e e

d

" The cora anuib”ly 18 mtn- “to*hmeycomb“emlwton An. that it .. . ;

consists of adjoining hexagonal shaped cells. The hex &{s formed by join- S

~ - ing t¥o corrugatsd strips. The corrugated strips are flanged or in crosse
gection are chatnel shaped;  The flaiige 15 dirvontinuous-and- -4s separated 88
_ the cornex of the, -ormgation. The flanges are used as beud-over tabs in o
the areas where the corrugaced ltripﬂr ‘mate together. These flanges, when
crimped, hold adjoining corrugated strips together. The flanges that are
"not. ben': avet ara used as lurface arec, £or attaching the skins,

| 5 iy <A 6

|
|
1.
;!

TR S J:n produc.ti,on, the .’mdsrvidual core ‘pleces would be fabricated on

roll Lorming equipmem: which ‘'would blank and form the corrugated shape in. ..
a comtinuous cperation from coil stock. The core pleces would be cheani-
cally cletmgd in & dip . bath operation and transferred to a special assem~
bly muchine. .The dpecial machine would coat the pieces with adhesive fn

_ " the selagted u‘eai wher;e a,dja»ent strips mate together and then cximp the
locking tébo.. A coxd section of desired size would be produced-and tran-
sfexred ! t:c another machive which would ‘coat the core flange areas with

: adhntve. . The prspared eore would then be ready for attaching the skins.

bbb et . :
: '”WW““" 3 U G SO NSy

ihe adheaive na.ad in assembling prototype panela was a thermal S
seeung epoxy...(3M type EC-2186) with a sixty minute cure at 350°F. Chemi-~ . S
ical cledning of the core pieces and skins was dorié with a conventional steel - .. . _. md il

i -degredsing colution. The steel used for both core and skins was AISI 1010, g i
Ny ‘é—tampe:,—-.mtemmm_g is ,010 inci for the core pieces and 025 Co
- " 4nch for the skins. Overall panel thickness 1s one {nch wWith t*“OOS*inctr ~~~~~ p—— N
non!.ml bond line. :hicmeas. : R

. The size of the hex cell in the core is determined by the nhape of

the corrugated strip.’ For a particular set of roll forming equipmeiit and
ulembly fixtures, only one core configuration can be produced. The lize _
of the cell that has been evaluated on a prototype buia h a hex vith & o
side length of 3/8 inch, A

This core configurntion is well suited for high volume produccion of
iarge panels. The only size limitation would be the width of the assembly
assuming a curing oven could be constructed to handle any size., No pressurse
is required during the cure cycle thus simplifying assembly. Dimensional
tolerances are not critical and convention roll forming tolerances are
adequate for assembly of the core.

The strength of the panel assembly is very good and its strength to
weight ratio {s very high. In this configuration the shear strength of
the core is approximately coincidental with the bond stxrength of the skin
to core attachment,
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